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[ ® V? m * <n> © ffi ] 
■ [ 13 * JS i ] 

^"y ADXAifiii^ft^g7 , n-7'i:©A^y y ^ -t? - -> 3 vtri 9 y adna 

H)^ ; f^B7^-/Hr^^t5*SffcoT 1 K T ro ^ r 5/ 7" : 
(a) ®.&<OWfefc&&± ? * is h *^&m&<r>1&m.7' & — zf XT v Zf ; 

v f ? o T , #S'Sftirfl-:ia2 0 OtSSSwfi^^i^o, ± SE * t 1 s> ^ ; *3 J; 

(c) 7.=r V -7 (b) <D ¥ / £ * 7- v -f (a) (OmTzityn— ZftZ. ®* Hlft £s g? 

[ IB * m 2 ] 

i m 3 j 

# ffi -ft: In # 1 0 oll«7«ft$^b>i5 t wefes, i5*«2IE4fero^ffi 0 
[ it * 9 4 ] 

[»M 5 ] 

[ W*« 6 ] 

#S«ftWfl-«««i3 OlS~«j 1 5 oSSoSSji'bftstfflTlliS, ff*rg 3 SE «t 20 

& o 

[ »** 7 ] 

t^^y h^r^Mt, S£i? ^ h (Offiftit * M: I* » W ft , fe 5 V> » go P5 * 

Sr^tp^^^^iwJ: 19 ft 2 0 0 Sl*jSot>f f, 4 SSW^ y Agigw f y y^S 4 

[ n 4t « 8 i 

I » # * 9 ] 

fttli^tg^ia^C y 3™ t l< !1C y 5 ™ t fc {i ^ (Z) f ffi^ ^ t , If * *I 8 E 5ft 

[ n # qi i o ] 

165^ / AKK^fyy/vjiS, t^/yhODNa s e g# Iff S fc |± * (75 ^ ffi S: ffl ^ fc 
ft Id J: £ ft 2 0 0^^*vS(7)i^^X^^D^y^D^ T A^^^ft^^L^^^fflV^TI^M^ 
ti 5 t ^ t- & 5 , lf*^lia«cC0^rfe 0 

I 1 1 ] 

t J: 5 ft 2 0 0 Il*jSOf>fX^oy/ ADNA^Iffl-ft t , StV^T^Br LfcD NA 

[ IS 1 2 ] 

[ 52 * ^ 1 3 ] 

* ^ j; V ^ a > ^4^^^ y ^ >f if — > 3 #fe # # ft 6 0 °C ~ ft 6 5 C C <D £ Jg £r $ t? u ^ 

fe ^ , KJ 3t ^ l 2 E 3£ ^ {£ c 

[ E? * * 1 4 ] 50 
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I SB * * l 5 ] 
[ B # # l 6 ] 

«&*J^/A^^<D1^:/ya.;*sy/A^ B # Jg 

l 5E8o*S, 
[ B # * 1 7 ] 

Jfe fe # S !i ^ / a as t M:**t§l,(DTfc5, K * * 1 5 * 14 l 6 fa <o * ffi 0 
[ » * * 1 8 ] 

y^^tfa^iTfcot, #««ftlffra» 2 0 0 *S*iO*S8:*L, 3£ ft ^ (ft 
Agg^tyy/Hi, Sfefeffr<P0r^o--S5t>L< 14 H © 6& Id ^ £ Sfe £ ft: * ti J4 |g 

[ B * * 1 9 ] 

m W tfc tt # t h**©DNA^?)*R»l:i*SJi5t©-e*5 1 B * « l 8 15 ft <75 jsg 

o 

[B#«2 0 ] 

ftfeftSfcli^/ A^nlJLBftS^WDNA-efcS, B * ^ i 8St(DS^^ 0 

[B*« 2 1 ] 

D N A # fc hS^^DNAtfe^, !l*92 0E«Ofi^ft 0 

[ b * m 2 2 ] 

IB** 2 3 ] 

# « BHfc »r ;t # **J 5 0tSKTO*S^b45t©t*>5, lf*^2 2E*oa^» 0 
[B*3I 2 4 ] 

&Mm.fcM ft &m 5 OitXKT©* t>0"e*)5, B * * 2 3 IB ft O £ ^ 4fe • 

[ if * « 2 5 ] 

#af«ft»r^-*stt3 OSi-S l 0 0S*©*S^b45tol?J!>5, B * « 2 2fS^(D 
[ It 2 6 ] 

1faW#£ft^Iffi^Cy3 TM t>L<!4Cy5 TM ^ |f 

* * 1 8HEt(7)iffi^feo 
[ B * * 2 7 ] 

awRao^^^/udsiwppgijttsr^t?*^ h^fooT, s si ^ k & aw * sb # t- 

KSHbSW^y ^mm<D^- !i % & fi, flc * fc 14 ^ y ^<D||ffW!:4ftS:StEJi]Sr 

ft ^ , KSBiJ»iigftK8wty^;uiaa7u>f t w^>f — > 3 ^ \z §8 i~ 5 
Ift W • £ ft tf > -L IS * >> h D 
[il*«28] 

, T O * v- v ~f : 

^ ^ 5/ ^ T o T , 0Elii5fc«fffi:4Kft£Stt^t-^t>O^fc5, ; 
(b) (a) cD^g^fitJ^gr^^u— £: , Rtyr^iRyo - ^H^n^ 

It . '> < t i> 1 ¥1 (D fa & \ t K JrttvN^Xj ^ ^ -v - > 3 v ig iS to ffi £ ft t, ^ & 
c > JL 12 * y *7 ; 

£ ft * , ± e se as «*» co ft »; <^ s :4 , /n ^ y y ^ * — 3 ^ # t * 3^ s k <o & ft 
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[111*92 9 ] 

mitmm.tf C y 5 T M Sfctt-t©«8s«»3;£t?fc<B-?fc.5, 19 * 9 2 8 IE » 
[B*«3 0 ] 

£ }fe ^ # , n — ^ 5 > , 7/Utl/t^yH<ii7!) - *Sftl4, 4 - 7 A- n - 

4 - ** 7 - 3 a , 4a-v'7f-s-^fy^tyfe| > Kfcil^r^^ffi^^-g-tftCDT-fc 

§ , IS#« 2 8 fEUfeco 7? ffi 0 

I it * g 3 i ] 

ft ffl /5 s £•) 2 5 m M ~ &3 1 0 0 0 mMClStVN'f :7* ]j ^ if — -> g V ^ 41 J- ^ £ -f- 
H»ffc5, HI * « 2 8 IE *c CO Tif £ „ 
[ Bf 3 2 ] 

J71 & ft M tf m 5 0 m M ~ 5 0 OmMrogff^^yiJ *V -fe? — •> 3 >"jg?i£4M3#;fe-r5 
[B*S3 3 ] 

Si St -ft: M tf * K> * 7* Y $ ft & <fo & tf t CO -e -5 „ IS * « 2 8 IE *c O 77 j£ „ 
[ »*« 3 4 J 

;>< ^ # 7° h "a * ft #3 , 2 - ^ /u* 7" hxf ^7 5 y> f t-^N - 7 t f ^->^ f ^ 
^ , # ^ - /v , Sfc|±4->;i'i7'K^y- /uSr^tfbrofjbS^ IS * *g 3 3 IE 

[H*S3 5 ] 

K IHfc #J # K I£ ft t£ * 5 ly $ * ft-g- ft t ■& tr t CO X' 5 , 2 8 IE sffe <7> 75 ?£ 0 

[»** 3 6 ] 

St ®! ft tt tf * 5 > -g- # -ft m tf T * 3 tf >- ( tf ^ 5 V C ) * fc (± h = 7 =. n — ,u ( tf 
* 5 >- E ) «r£tffc«>-?*>3. »*93 5§EfW*fe„ 
[R*S3 7 ] 

& & ft M tf& * -7- -7 a tf yu £ # tf t W T? fc 5 » IS * *g 2 8 12 <D 75 ft 0 
[ If 3 8 ] 

fetSf^SJ^^^n^^Sr-g-tftrciT-fc-S, »*S2 8 IE *c <0 75 m . 
[if 3 9 ] 

fet ®S ft ffl # 7' f- /v t Ko^f->F/ny ( B H T ) * fc li 7 f ;H: K n ^ •> 7 - y - ^ ( B 
HA) «r^trfc©-ca>5, if*«2 8|BicC0*& o 
[ ft *« 4 0 ] 

4> * < h law^tK-fbfflSr^tffifjK + iwCy 5 T M mm.itm^^ tz. m ^ <d m m m (o iy 

I If * II 4 1 ] 

#t ®f ft M tf 'm 2 5 m M ~ m 1 O O O mMC0iaf/W 7 y y M — > a >- m & + tn ^ ffi -f 

5t)»?«)5. IS * « 4 0 ie w «a 4b c 

[ If 4 2 ] 

fet ffi? ft SI tf &> 5 OmM~*1)5 O O mMCOgf f/W 7" y ^ ^ M — is 3 ^5^fiS^{r#^-f-5 

i> <D T- 5 , If * ^ 4 ltEttoiife. 
[H*54 3 ] 

£t®Sftffl#;*/u;&7*h-B:#ft-£!&£T^trfc(7?T-fo5, lf*iS4 OEt»Is*^„ 
[ If * if 4 4 ] 

^/t-*7° h^Wft-g-fe^s 2 - t« * 7 hit ^7 5 V, — N - T -fe yi- •> ^ t 1 ^ >• 
, ^" si? f - ^- - )V , *fc!±4-y^*7 e h^$^i/-/i-5:$t ? t,(DT-fo5. IS * « 4 3 IE «c 

[R*S4 5 J 
[»** 4 6 ] 

^^ftft^*s^-g-*ft-&§£tfST*= 3 /'-'irvK ( - ^ 5: >- c ) * it :i h => 7 * n — /u (if 
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[ »** 4 7 J 
[ IS * 4 4 8 ] 
[ » * « 4 9 J 

St BMfc *S # :/ Kn*S/ h/uxy ( B H T ) * fc tt :/ ^ t K n ^ > T = y - ^ ( B 

HA) fe^btOt-JbS, H#a4 OEttw^S, 
[»** 5 0 ] 

doiVPPSdlfcSr'g'tr^y H X fe o x , ^ 50 ft *s $ 3fe £ % « tt 4fc & ft & £U <p & K io 
fc^/WT/y^i*— ^a^RJSKite^^ J: |£ * y 

h o 

[ 5 1 ] 

'> ft < it 1 S m it ffl £ fS tr ' W ^ y y >f if - > 3 ^ « * Sfc »■ « ffi £ £ fe lc * tf 
cD X 5 , B*«50E*O*y F, 
[ If *^ 5 2 ] 

[ »*« 5 3 ] 

Si 3t 6 * J& 5 * n — ^ ^ V N y t t< 147 y ^^1*14, 4-5^ 7/U*d- 

4 - 7 - 3 a f 4 a - ^Tf - s - ^y^tyfei, S;M±*<0*ffi4fe«:<g-tffc<D-T?fc 20 

[11*31 5 4 ] 
, ^ T ^> ^ T 7 7" : 

(b) XT (a) oglSKtgli/n-^iS:, Sf yyy^S7 9 ci-7^^ ^^f 

yy ^^XnJtift#Ttgfi4Jf ^)7f ^ytfeot, ^ -f yy ^ -< if — > a 
^^«Sftaftai*S:*tp*J»Sixa^>f^y ^ -Y if - > a ^IR*Sr^ti>t><7>x&5, ±12 
v ~f ; 

[ »*« 5 5 ] 

f d s a it * # , »9 o % a « , ft s o%is, ft 7 o%ig, ft 6 0 % a * . ft 5 0 
ft 4 0 % m at > «3 o%i«*fcn»2 o%i«i:9j»sh5to7?*5, is * 

315 4fS«cC0^ffi o 
5 6 ] 

ftl » S *l 5 St 9t <0 ffl g #5 ^ 7 -? ( b ) <Ds^J7y?^^—isa^<OW\zmill#)\zm4t't- 

5 t <0 T* fe 5 , If*il5 4f£gt^^fe 0 
[ HI * « 5 7 ] 

ai ft *s , m m rr , «2fif m mm, »i« pa mm. ft 3 0 # n k . ft 1 5 & f^iiu 

< i± *u 5 # n h x , * ^ w n <b ^ £ ^ ^ k jo ^ x m m » ^ « -ft i- 5 t> 0 x *> 5 , is * gt 40 
5 6 ^m(D^m 0 

[ W * * 5 8 ] 

^W7'!J ^ -f if - a y*#*fi|»Sh5a*g|«S:*tf fcw?*>5, Bl * * 5 4 i£ fgt cd 
[ IS * II 5 9 ] 

m m z k z m^t <n & & & * T ? y ( b ) cd /n y y ^ if - 3 > <d m \z m m w m x it i- 

o t> CD X fe 5 , IS * II 5 8 IE «t <E> # i£ • 
[»JR«6 0 ] 

s st ft 3 « ne is « ft 2 p» m pi , ft 1 b# r S3o»ssi, ais » bd pi t, l 

< it ft 5 w as t- , a :i r ^ o cd m ^ -tr \z p x s 65 :z ^ >fb t 5 t> co x & 5 , is * *g 50 
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5 9Ei©*i e 
I » * * 6 1 ] 

[ BJ 3ft * 6 2 } 

* t? t> <d -? h 5 . m * *5 6 i E 32 <a jffl /S o 

[ iS*« 6 3 ] 
[ » # « 6 4 ] 

s£ ^ n - ^ t ^ y ^ if - > 3 >-7k^S5*^««?toxN^^y ^ >f if - > 3 ^ comiz 

[ If * II 6 5 ] 
[ if 6 6 ] 

# i? > ? *<omfe{k&&(DT )s4 & £Xffpmto&&tr* y b T o T , R ^ * v? > ^ 

fi/o ^7 Aftlt, Si^^7"!l ^ if - > 3 v * t 1 y 7 <D H M « te i t>* a St <o & tt) 
fc^tffHWStbfc/WXjJ y 4 if - 3 y*ttT"C«»t7i/-foltft»Ki:Sr/x^^ 

[0 0 0 1] 

* JB ft , i£fttl«Xffi^&0||)Aft*fR2 1 C A 8 3 2 1 1 <D T , & itt <D 3l m * 
[ 0 0 0 2 ] 

Htft*, «J:u«attru>r, i~ *> r 4 * *f- v 7 j &m 

[ 0 0 0 3 ] 

y / adna^^ ^ p7 u>/ SrfilffltSJtsyy A/N-f ^^f - 3 V (CGH) »4 

<<OPfilf&»*1-3lirfl6tt£i$o-r;i^3 0 tfflCGHTIi, ^ / D N A (Dg 4 § f y y 
/uo#^><-^ (Mb) (Dgrfr ( 0! :i , BE *P 2E * <75 i> <D , jtf , {fi ft ft ( 08 ii % pj «g 

tt^fcsiSt) ) S: at 8Hfc u , E^-fkSJxfcSbfefrt^^^y^^xs-frs b 

reen (1999) J. Med. Genetics 36:511-517;Ri 
ce (2000) Pediatric Hematol. Oncol. 17:141 

- 1 4 7 £ # m ) o Kftt^^^ilSStyr/ut (DS/^t;u©||«r«ffii3ir?a!|jtt5 
3 1/T^5S ?U v £ ft. 14 - ~ - * 4 E K £ . jEt»«jf«»yy ADXA©S»ft!:£ 5 

» m -? * a • mcght-:^ (ExEftj&fefri©) « ffi :s , ii m a <^ « fit is ^ 
y / ^ d x a :z i & ft £ jh. o c 
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[ 0 0 0 4 ] 

B 36 ft J ADNAtf tffl!:#«£t5 t^TftSffflC GHtJtlfti:, ru^^ijffi^c 
GHStli, Kilf^W ^yjtli?^ ^ d 7 l/^ 7^7 h:7* — J»_hJ;:@£ft;gES 
*7U>fiLTEI2SJx5. S'J o iS ^ tt , T ? ij m M C G H ~e 54 , lift ( * » is J: U 
# HB ) ^ / ^ S S = f-ft tik^TEftftyy ADNA^^/uffiTiiiT*) 5 Z t ~C fe 

o o :o±54*#T"Cft, itftDKAlt^ss^y ^S?iJ^ii;$i^^y!J^^ 
*-Vgyfc8«t5:i:iS, IE flf » HR ^ ^ t R * ^ 7° ,u t ^ rn tT — » ct} £ <D{g 
ttOfcS^ffiisitfjefl^fc*^**^ b b . S£ 5k <z> :/ n h^ — /u^r^ffl 

t5i, :o±5ft»i«!4, S a i- * b ft ^ . $ b , ¥ ; ^ d n a li . 3 o % & ± © 

7'!) -< if - 5/ a y^)f:^i:SSlf:i^i:5!i^W^!i ^-fX-fSpTIBtt^fcS. 
[0 0 0 5] 



# 35 91 I* . <r; ADNAgfttl3lftg8^o - 7 b <D 4 7 V ? << if - 5x a ^ lr <fc 9 >5r 
y ADNA(^^f^D7>f-yuSr^J*t5*STfcoT, $i <D ?^ 7* y : (a) *S ^ CD @ 
JEftttBt^^y^hfe^trliftottBfc^n-ySrWS^yyX; (b) *a^ItB*»»-C 

ft«Jt li^tif ix^ 2 0 0 ^i*i(7)S^^^5> ± IE * x y Zf ; ft b T>* \z (c) x 
:/ (b) wyyA8»t^f ^ (a) ^l^ft/p-y ti:, KfllftRftiR^n- 20 

[0 0 0 6 ] 

ft#W***»tt"Ctt, # 11 ISeft (ir , Ml 7 5^S1^T ; 1 5 Ofil^T ; Ml 2 5 
SS»T ;»1 OOfii^T ; ft 7 5 i& X J£A T ; ft 5 OS^KT ; »4 0*»HT ;83 
0SIKT ; *±tf«2 5SS«T^fiS^b45, 9J©**»*-CI±, # « « <fc Bf tt 
, ft2 5^5)»3 0*S-» 1 0 0ai<0ftS^b4 5o : h b / A ttB«)t ^ 

^ , ^/^^^co^^^^o^^^a^ 0 ^^^^^, ^ y t h 7 v ^ u - y a y , 4 
fcii*SS:*t»fSfcffiffllT»tty/ AftSot^^y hi^UL, ^o^, ir ^ ^ v 

h o Ifr ft S ft ft §1 Si iB ft fe * tr * T y -7 \z X <9 ft 2 0 0 HL X * « ^ bftsgft 
^/ Agi(7)tyy;uS:4*t5 : tl: J: ?)IStt So <£> * Sfe « ffi "C tt , Iftyy^ 30 
^^oif^^yu^^bl-. y / (^y^h^v^u — is 3 > ^ =7 ^ ? J* ~f =7 4 ^ 1/ 

i/*fctt*li«^J:9^«*Jxfc*«<t«*«:«tp) © « «t tt Bf ft ( « *. tf , 99 ISr ) t> b 
< tt » * tt ilMfc ( W t If D N a s e mm) Sfcr±*<0*<BO?lMfcS:£tr#ffiS'ttJBLT, 
» 2 0 0 SS*8, SfclliB 1 7 5ttS ; ft 1 5 OSS ; ft 1 2 5«I ; ft 1 0 OSi ; 
ft 7 5 X ; ft 5 OtS ; ft 4 0$l ; ft 3 0 & £ ; t> b < tt ft 2 5^1*1^*^X11 

( m *. « W ft b T ) M m -T Z> . *JO*lfi?»IB-ea, ADNAS:»frftt5©!: + » 

*S9»f*Sr^8t5wil-J:9ft2 o 0 SS*iB ot>f Xi:^ / ^ d N A iifrftt S : t 

. * O « , SJiSixfcDNASrDN a s e ^f:!U(0|i&^gl8ftl: J: 9 2 0 Og 
£ * ft , S 1t :± ft 1 5 0tl;fn 2 5 ±g X ; ft 1 0 0 * £ ; ft 7 5 Jft £ ; ft 5 0 ig X ; 
94061:93011; fc L< lift 2 5 «S*i* © t ^ Xl: f 5 : i S:^ tr¥S Srttffl 40 

[0 0 0 7] 

y at > h5/N^^!i ^ if — a is %l # . fc 5 ^ :± * fc, ^ h y ^ v> 31 > h ft a * * -9= t 

ft * 61) ft % tS ffi -e li , ^hyy^xyh^/N^yy^Yif-yay 
S <t !i . ft 5 5 c C^o ft 6 0 °C & ft 6 5 *C <o S 2 *: a * » 5 . Stf 5* JS » SS ^ S . ^ -< 

x y ^ >r -*f — a v <d ja ^ . /n x y ^ if — 3 >- ^ x y ^ ^ n ^ ft < it 10 ( 

H ) UtOo S , Sk T \z E Ct 1" 6 i 5 i= , ^^Xy^-f-tf-->a^«:?T5 
h» o * ) E *r . ^ X y ¥ 4 if — > s ^ ^ x X <E> SB ft < £ u l S * 50 
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ft a m 0 m je l t t> i ^ . ig. « *s £ v / * a s a © <t n , & p& 65 x- &> o r t> & * \z n 
otuv, & it it . yy /^■^-v'a iroig, * ^ 14 £ s co — co ^ -r y y y 
-y if — •> a > * x v y \z t> tz o t a si u m -5 . 

[ 0 0 0 8] 

-Hlf lt-a, Aiicfy7';i'©7 y^Ay?^ 5 = -> * h 9 v 7. u — > 

s V £ fc S4 *S « ( « ;t !4* , ^tt7*7-f v-^f fflLTff ^flU, ^ !±S -5J tg !C ^ gSc 
it $ *■* fc 8S S *f 5: ir y ^ ^ h 4= ffl ^ A *t fc £ 65 y y A £ft Bt to y V S &- d£ 5£ y © c 

« m !4 . 3t ft * . 03 X 14* C y 3 T N! L < 14 C y 5 T M * !4 -c <0 4j[ fl5 . n - y $ > 10 
„ tfc!±7U-/Ul^l4, 4 - 5* 7 A* ah n - 4 - #7-3 a, 4 a- 

5? T IF - s - -Y^^*-ir>-fe^'bU< (4^0^fffife^^tf 0 
[ 0 0 0 9] 

- * us » a -c i± . m 65 n :4 , t h**«)DNAi>b*flft::t?)SSh5. « 65 y y a & 

®£ co y > y vu !4 V ^fefrOFfScoBf^T-. £fcl4|lK65l-lo«±cD?fe# > #:£f££^i-IE?iJ 

-c * a . ft # 65 * m m m m x- i± , awtttt^n-ytda^KssnsDNAH;. v * 

Sfclit h y y a * if m ?i sb 4fe 1= * * 1" 5 . 

[0010] 

* « bb ii * tz, < t h i ^(omm^m^u^xmrnit $ n y y J±m®L(DmK £ ^ fc- 20 

14 * « 65 \z % ± tt f y a Sr « i" 12 n & is tt t co T- 5 « ft * 65 * m M M ttt T i4 , ffi 65 y y 
A^g?!4, ft 1 7 S jtX ; K 1 5 0 IS ; ft 1 2 S XX ; ft 1 0 0 SI ; K 7 5^S;^ 
5 0 m.m ; ft4 0^S ; ft3 0 t&m ; Sfcl4*52 5 Sl*l« ©T-^ 5„ S'Jco^JSff^® 

t- i4 . % ti^tKomffiitrnft I* , ft3 ois~fti 5 oiscos§^f,!i5 c — mMBm 

T-14, M^^ico«65^^!4, t h 4 jg© D N A*» b*Hft!:i^ § I^^V A^S 

©fyT'/Hi. ^fe^c0fiff^(O8fr^-*fc|±Hft6t)ic lo«±co^fef$:±fr^*i-ie^iJS:^- 

t *s -C # 5 „ ft 9 65 <c % 1fo T& f& T- 14 N y y A 14 . ?!)7*t!it h y y a ^ f (7? nf fL ib ife 30 
y y * * £ tf . ft#65*HJfi»1Bt?!4, fij««BttflE*ro«im^r«B'{C««Sr*tpii:«s-Ct 
5 Cy3™Sfc!iCy5™^^tfCHift?.) . 

[0011] 

* % w i4 * , « 65 m m <r> y > y ^ 4 u ; so % & * =¥ y h^isi, & & &5 ^ ^ & & 
s*i©fts^5)!i9. KS^ftsi65yyA^iswy^y/n4gkfefit:*fc!4yyAw ( ^rs 

CO - 35 * ft !4 * ft 65 !C ^: fls £r « f E ?ij fc # * . RPPB!ia!iKSK)^Scoty7°/i'i:ftg[7 
\s << tc/N-fy^^f- •> 3 y|:ov^TCKSf &§tfi)i©T'fc5 0 ft # 65 H ^ ?K ffi 
T-I4> =^s/KO«65yyA^Ki4, 8 17 511, ft 1 5 0 IS ; ft 1 2 5 S£ ; ft 1 0 

015 ; ft7 5IS ;ft5 OtS ; ft4 Oil ; ft3 OSS ; *fc!±ft2 5 tS^i©t> 40 
CO X' 3b 3 0 ft # 65 ?i H % Mi -C !4 , S6i)*f:!i7 - o-7'ii:ilSn5^V ADNAIi, 

7 ^ * fc .'4 fc hyy A/,£ t*<OPffLSib^*5ftroyy A^r^-tTo 
[0012] 

*«?^!4. iifts^f ^©tyy/utgjawgiyn-T'i s: ^ yy y>- x $ 5 ^5- 

•SSriittb, m^mii, (a) ^7t^Ss<b^^!gr^-^^L'^^1165coy>yyufe<i;i; t «^ 
co.^g?y n - y &W 5 ^ 7- y y X- o T , tttt%«a»:Bk^ €r § !t ^ W T- fo 5 , ± IB 

* 7 •> y ; «: o " :r : b ) 7 ^ y y : a 5 © ssi st i^sy=-y>^, n y v y *, t 
m y n - y ^ a» ^ y y y ^ x pj tg 4 ^ {4 t t- » $ « 5 ^ ^ -> y t? o x . si /> y y 
y >- y - -> 3 ^ ^ ^ » . t t> 1 iw^gfts^tt'^y^y y y - 3 v m m n 

i«rtt\ Jif^f y7«rt*, ± 82 S iS * CO ^ I£- ^ ^ to £ ;i ^> y y y y — •> = 50 
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>^{tTT«*igogft^pitt5^i: + ^ifitfc5o - m ffi & m x~ a . s * m a 

C y 5 T M * a -r (7) « «g £ ft t? 0 ft # 65 ft 31 i£ ^ £g a , *3fefe*»D — 7 
yW U -fe >f ^ , * fc a T y - yU E & S 4 , 4, -v^^yU^C3-4-7^^-3 a , 4 a - 

r - s - >f y^t yfei^fcit^^f «fe?rtt?c 

[0013] 

# « 9H tt S . Cy 5 T M ilftt^i^Of y/yui: tg^^^yn ^/N^y y 
^'fXS^SJttfcgftL, tt * !4 , ( a ) C y 5 T M ffi » ft ft gr ^ $ t? St S£*S 65 

wfyT'^joivSaoss^a-T'tils^T^; itr;!: ( b ) y 7 (a) (75 
^ftlii^£^ft:/n-y££, Kf y^/uiS/D-^t^/N^yu ^>fX»rt6ftjfe'#T 
T-8fliH5^75'7 , T^ot, ^^^y !1 if-v'a y^frli, '> ft < i t 1 a fit 10 

, ± ie jg as * (d fit tt ft »j <o a a ^ ^ y y ^ -r * — a y ^ t t* c y 5 T M <d ft ft * pi * 
t5^)l: + ^4f tfcic *«!Sli, '> 4 < £ fc l a <r> fit ft ft m * ft tr C y 5 T M m m ft 
«IftS:ftt?ifei***«:»#tL* ^ S£ & * <£> fit ft ft £»] fl: a /n -f y y ? 4 if - > 3 ^ ^ fl= T -c 

c y 5 T M oHfcfcfrH»i-s«>fc + #ftfl;-efc5 0 

[0014] 

* 36 93 tt * '> 4 < t h l o fit ft ft »J S: ft tr S iK * J- C y 5 T M «ftii(Z)ty/y^ 
[0015] 

# 36 9114 S fc * ^ ft < it l owaKftSili^trSjStotJtSBftgKoty^^t, 20 
8"J <o « * £: <o ^ >f :/ !J y ^ i? - a ygj^iriait^ilfSftgtoftffliiit^lSP^S^ 
fttrfflJW*£*fttr*:yh«:ii«i-5. ft»ftft3llfi»tt-e:±, **fe*.'4n-^^> % 
7/Ut Ut-f * tz }4 T y — A* § {ft S 4 , 4-'?7^to-4-*7-3 a , 4 a - v> 
T1f-s->f^* r -fe>'feSll*fcl4-f:(75*fl6*S:$tf« * 35 93 14 * * ^ Uo(0ft 

ft ft #J £ ft tr 2£ i£ 4 1 <D C y 5 T M ilftgg? f y yyu t , & k <D s^^f :/ y *? 4 ir 

-^3^KJt8-*5l46«Cy 5 T M ifi^ t ^ }: i t 5 S i t t W ^ ^ ^ 

tf^i/ FtSfttOe **y HI, '> * < t fc l o cd fit ft ft Sffl £ * tr & »■ & fiS ft if 

[0016] 

ft#fi&**Jte»«-ett, « tt ( #J * tf , A^yy y^f-y a ygiS, 8fe»***J:U/ 30 

* tz 14 ffi <D m fi£ ) * M fit ft ft »J *S . ftj 2 5 mM~#blM,*&5 0 mM-S 7 5 0 m M 

, I^J 5 0 mM—^ 500 mM, joi^ft 1 0 0 mM-|i)5 0 0 m iM <0 iSft t*# ft t 5 

o 

[0017] 

±1B»J*« £> J: !c *5 1> T , ft # M ft 16 tt » IS Ttt % fitftft^ja, ^ :r h -a * ft 

-frftSfc!4-?:<Z>epffi4jS, Hilt 2 - > yu * y h - ^ ^ y^ r S V , f ~7irf 

iy ^ 7" > , * - yi- , 4-7iy^^^h-f^^y-yP^if$r^t? c S"J ^ 5£ fig -e .4 

. fit ft ft m 14 , T ^ 3 yu tr ^ ft ( tr ^ ^ C ) . * 14 h ^ 7 * o — )V ( tr ^ ^ >- E ) 

*fcl4*0»ffl»ft^©ftafttttr#5^ft*fls-fr4fc«r*t?. B« ^ * iS « fig -t* 14 , fit ft ft 

#J a , n - ift * T- ft y o t: c ft if <D Ik * ft ~f a t° yu , S 14 -r O * ffi Sr ft t? 0 SU H 40 

me » « -c a , fit ft ft » a /3 ^ n ^ > * fc a « fis ft t? o su ^ x js » iibr t? a % fit ft ft ^ a 

x -7 )V t Kp^t'> h^xy (BHT) L < a y yu t K d *> 7 - V - ;u (BHA) 
[0018] 

KSS6!)^ty7 p yi/tas^lt<k;«8^o-^t Jr^^yy ^ X S -fr 5 * 
SS:tlttl, ( a ) g S &5 ^ t y 7 P ^ jo ^ g to 1 ^ S g 7 s n - y ^ 

c ^ ^ 5/ -f ; ft o L* r X ( b ) ^ x y (a) co^ftffifitir^ft^c — y^$r x If yy^ 

y^-r-tf-->3^*#a, ^ ^ s a « « « 5: ft t? «e » $ n tz ^ * -? v ? ^ * - > 3 v g » 
^tt^o^^'fecc ft m 65 * x is » si t? a , 3pfi?siajee«*:, 9 0 % coss. ft so 5c 
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% Wigf , »70%©Sa. #3 6 0 % cO }g ft . ft) 5 0 % (7) ffi ft . ffi 4 0 % CO iS ft , ft) 3 0 

% co sg ft s is £ ft) 2 o % co is ft a m 8> i" 5 c 

[0019] 

- 3» a » ii -c a . ««**tfc«»©ia*«:. * ^ s> r ( b ) ro^^yyy-T^--> 3 y© 
pe a k » ft := K ft * * 5 . g ft a , »ift-et»*T*>-sTtiv». sft a , & s co e & 
^oftAwBUBrojis-caE-ffcs-tt-a-t^^tka. ft*n«sitt»n-e»:. a ft a . ftj 3 
p» n pa n , z> 2 b# pa h m , aie ra no eg . & 3 0 & n ras , ft> 1 5 # pa is * u < a g> 5 # pa 
is . * it a * e> co ga -a- r- in « w \z jg ft $ 5 8 
[0020] 

- * IK ^ © T- a . /Wyi)^-ff--> 3 y|#!i, «l»$ixfcia«»«ES:^tr. £1 » £ fi- 
fe co m. ft a , * 7- v ( b ) <D^s{yyyj^-is3^o>ffl>zffl%i&3\z%t:it£-£?)Z. 
tKX'%% 0 & ft a . ft as t? t & * -e o x t> £ ^ o a ft a . e s co e ss o e e co b# 
n»*su«fl:st55. ft « w * n is » fig x- a , a. ft a . m 3 « pa pa n . ^ 2 m pa pa n 
, m 1 * w n m . m 3 0 # n n . mi 5#pais$t>L<a^5#rai¥g, * a ti & co « 

* t? n JW a g ft $ -fr 3 . 
[ 0 0 2 1 ] 

^ N ^^^^*cofSftSri^^:Joj;^SJffl)-9--5fci!6co=iV*? — ^ v H £: tp ? i> 

^^f<oisfttt©7 n't^tfiSfigti&tiits. - n «e » us -c a s * ^ v a . 

/N^^^^^co^aft^riilSjoiu^J^-f-STtfecori^/Jf-^v K £ £ \z £ tr „ ^ * 5> >- 
^ a , jSft*3«fct^^ftcoS!]#^^a Aft^fcji^^gt^-t-^r £#»Ttefc = :'jK-.* 
>"^3r$<ba^A,T"t>£^ 0 
[ 0 0 2 2 ] 

^ a , gyB-^i/N^yi)^ / ft*-v'3 y*g$^oitti©/N^/u ^ ^ _ 

3 ^coPaiC^^N^^^^^(OMftSSrS!lffl)i-Sfci6co^ft5r^tf'bcOT-fe.5 0 
[0 0 2 3 ] 

v? ^ ^ a , gyn-yt/x^y d ^ ^ i? - -> 3 ^ 7k ^ « t co m f& <d pa a m ^ t i? >- y ^ <o 

?Sftfl4r*l»pItg/«£*D?M=»^JK — ^>ha:ttffc©t-fe5, 
[ 0 0 2 4 ] 

?£ ft ^ w -r 5 7t jo co =1 >- >k - * ^ h , Jtt e> sa ft ±3 £ u? a ft co & * ® m m ^ s it a 

i£*fcliya^7AftLt, m St /n 7* !> ^* if - -> 3 V ^ x y 7° co M co ffi ft *j ± i£ 
ft co x Si & $ t? SI » $ n 7t /n ^ y i) ^* >f if _ -> . y^^TtffiSiri/^fflg^ftas-i 
?r a -T y y ^ -1- X $ ir 5 it ft co 8tt 3 £ t? t co T- fe 5> 0 
[0 0 2 5 ] 

* IS co l otA_hco^Ja®fiscoS¥irH!-oV ,i T »W«>Hffi*J±tfeiT©E«l!=*iV^TI£ 

Mt5 - atta3j:v*]jfta. Katnn, m b *j ± w * it ib * co gs s 

^ b h A' ',z t£ 5 T- fc ^> 5 0 
[ 0 0 2 6 ] 

r n T- . * W m » T* ?| £ -f 5 ^ T co ISC K . # If . » ff ffi 3 , GenBankSJl, *J £ 

ATCCff£#!±itfcf,^5l4!jwfc6::#i::J:!)*?|i|itl:gft5 0 
[0 0 2 7 ] 

p m & m m 

*&m\-t, r \,s t ¥ij«s»a^^ y y ^ if - •> 9 v©fcii>©«f«<c*a*ji ya^s 
3 5 . flc: ^. a , " r > * *:; m m it tn # ; ^ ^ <* -/ v y * if - -> 3 ^ ( c g h ) . 

a C £ 0 \Z N ^ry iDXAi^i^LfclfitSilc IgiSg7"o-y t ©A>f ^ 

if - -> 3 v :r £ 3 . y / iDXAo^*y c 7 - /> £ # -r 5 + z & eo m m £ * « £ v> 
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ft/******"*"*. 
[ 0 0 2 8 ] 

- M ft » ffi T 54 , * * 8H !i , y/ADNA^b||iBSfifeS«*Bi, « *. Hf T u^f # 5ft 
^i^ftggyn-y^/N^y y ^^'f-v'a v:: j;!), loHJ:©^ 1 / A, s fc >4 ^ 
SJ±<Dmfe<D-U (05*. ST, tk&fc~tz\tm*ifr(D-n) <Oft^- X p 7 -A- £ fisj*-*- 5 

ffi £ 3t 1" 5 0 * * ft ft , if ft^St y h ( M * a , * o-vftDNA) i: % ft 
ffi *I tl ft S3 # T ffi £3 $ ix fc X / A tt o gf n £ * t? at6S«eo-9-^^yut«r»»s-e-5^ 
^Sr^atfo a»-ftBf>i-!4'tJx-Fix, ft 2 0 0 lS*ffi(Ofi 45 Q :©/hSv>f>fX 

!:|»6Stifc««ftyy ADNASrttffltS: it, «7 fijffll c G H 5 

/ p 7^ - yi/^ft(D«|^g^^f CSi$^?>c w J: 5 ft/J% $ v^gfK" Srtt 10 

K j y i?-i/ 3 yS:*Sl:fflJMt5 r t^^Iigti5 0 S * 12 /n ^ X ]) 

X 4 if - is a 1/ <D n »} 14 , ^t c -t(7)i if L < tt ^ * ) CO ^ ffi * fc J4 a. ^ 

[0 0 2 9] 

Kfty / ADNAIi, 3 0 % Sr _h 0 5 5 « E ?« , *3 J: $ fe * *n <o ffi -& co> B8 « <o i£ ^ 
EJUfc*ifJ*^«eiR-&4fc-t?*>5 0 ffi * X a f. =3 " / u > tircGHSii, * % &J1 <o *S «b 

, itft^y ADNA ( #J £ J4\ B * ft * ffl S& fe f£ * fc J4 & g£ T U ) t ^ >f ^ J) X 

$ it 5 o C b <0 ft ^ E W !4 , Sf ia^Jfeitf BBft^jftv^E^J t otgT-t 4^fl(Dgfl 20 

4 ^ & M ^ X D X -I* if - >- 3 is & ± C £ ir 5 o ft 2 0 OtS^l^fflftSK^y ^ 
SSSrfti Ut*?8M(OjftS:^16t5 C tT, ffi * (O X n h =* — & & m I, 1z m& iz & 
t £> b ti Z> K tE IE ?ij ^ >f 77' y X >f if — v- a y*3 i^Hff^a^E^J^Pj^SJ^/N/f / |j X 

if - > 3 >- <D A & * * « '> "t" 5 o SffeSttf Hi5< 4 M#^)e 

[ 0 0 3 0 ] 

* « ^ i4 , wrje^f^ffiy^^x^iciajfcaFixst^-ettftv^j. #5gK<o:#j£<oi3;h,fc* 

8b tt tt , /h*^t>fX (t^bt, ft 2 0 0 SS5tcjR) KlifrftSfttDNA^D-y* 

, ttSJf:(j:7 F U yv?xy h^A^y y ^^f-y 3 y^ft ( « *. li , X u fij ffl M 

CGH-e*I»i:ft«SJi5*tt) T T , H « <0 3fi E 9i iz U ft &) lz ^ ^ 7 }) ^ X 5 

nl tg tt ^MS - i 13 j§ f 5 ^ t> b V> 0 fl{ 65 E ?U + ^ i- /Jn $ ^ ^ ^ # ^ h ii yy 30 

cc ^ V it '^4 7 9 ? << if — is 3 y*#TtS, ^ ^ I- iS L E ^ 4$ 5fe O ^ >f -? V 

? <4 if - > a V S \Z *3 V> T /n >T ^ y ^ X f 5 0 01J x tf N — o <D ft pj 0ij T ?4 , 2 o (7) 2 

0 OjtSDNA^^*, 6 5°C(:t 1 0 O^S^^^b-C-fibitA/^^Sr^figi-^ ; 2 

*o 1 0 otss-*ffl5e)T^9ffisiJ^S5o rti^co ribi^jj — *mmnn . i& 

<D D N A ft lz $ b \z /n ^ X y ^ X -f 5 "SJ fig {4 & fo 5 o t, ^^O-^^fcliM* 

^t^X^ 2 0 0 £ISS::t^::#i^ (^^f^il^^XtSt^^y Mil 0 0«S© 
4 * T? ) . r & b T 9 t» 88 J Of>fX!i/>S <ft8, ^ ^ ^ y ^ >T X $ b !z 

oDNAlijti/>>f ^^fxts (tit rit^>f ^ J #^>f f--y 3 yj ?r^C5) 

■STfiBtttltWL-Ca^i-So 7U^fl|ffl§CGH/^^-7^n7MA^7'HVf- 

^ s > TM4 , r fl*^>f^y^>f"tf-ygyj 14 , /n^^j ^^*-^ 3 yoftiitt 40 

Sr <g < -f 5 f£ i4 T- 14 # < , K ^ s< y t 7 7 > K * C % c ffi o T % **!B^rlfi£^l*3«3: 
* ffi 14 , a 2 0 0 tSSS ( *. ST , tt25^5)»30-ftl 50Xl t * fc 14 ft 5 0 

- ft 1 0 0 m. X ) OfilOt>f X^BrfrftDNA^n-^tafttSo — H jfc « US -C !4 . 

yMDNA^5>B8LfcaB<kaa©i^*, ^ r , ^^^^x^-r^^x, - vtv 

7V^u-i/ 3 y-, if iS , 4 fc 14 to 4? ffi * # ^ iz £ 9 r ® -f ^ 0 ^ <75 m , 9 2 0 0 11 
';n?y^>-$/ay, SitSffittX^^^-trfflv^Aiitart, * S 65 \z ft 2 0 0 - ft 

3f ft # c . L^^, 5^;:]: ; K DNAS:2 0 0 SItSSw t-Y Xiigrfrft f ^ - > 

:4 uv> c ffi o t , 51 co s ^ t tl :f d x a s e ;:i5g| ;n ft s fc s « ffi 6 ¥ so 
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[ 0 0 3 1 ] 

B Jt ft T u^f DNA £ >f zf V /^XJt5fcftl:lv^58(Rftyy A»tt©t>f XSrfil 
i?t5:i:!;iB^T, * 5§ sn 14 * fc , l§ % * ( * ✓ w zf y ^ ^ if - > 3 >- ?g ffi * ) x <o 

y 5 TM ) # a**f ft 5 0 * * 6 » » ft 14 , tO^ttlnliii/^t^SreitSig^S: 
Htf>3o ^oX, fe**»ftSit5wt36ST#5jfififc»*fcl4*#O^F«EI4, 4 7 V 
4 V-ts a isRfS<DfeR\z!R&&&-$jLftZ> 0 r ft 14 , ^Vir'-^a y^^t/u 

*Si6!)l:ftiai3±tf»«ft5f^l:»l:15t*fc5 0 Sot, IS <o ffl ^ ;fc £ 

sir is it 5 mwtitmte x xfy 9 - 9 ^ # ^»j«ia*ffl las, c f 1 

uor) rt>^<z>&ajplfg&vx^twu<^w^yu£ SHc ^ £ 

fc 54 '> £ <7) * 3t * a "T 5 & S ^ fc 5 m & \z 14 $ bi-^fl:<^^3t«:oftS^s*:ir 4 0 

* 5 o 

[ 0 0 3 2 ] 

itft^^7'!l y (CGH) (^5ffW*SWloHt, S^feiCy 3™ 

fc^l/Cy 5™$:fffflLT, 2ootyt;u^5,W»iifr ( M * tf » AS Sfr « K JS S 
fc (1 ti M 6> # fc « flfe ) S: K SU Sr o tt X ( » IS 89 te ) m K ft i" 5 r £ # fc 5 0 C y 3 T M 
£ t>* C y 5 T M , ^n^iftf:^^^ F/^lt*Jir;ggttofci!)|i, 31 *t <£> Jfc R 
A^HVir'-ygy/D h 3 — /Hi jo ^ X *2 & & £ 69 Id ffl $ ft X ^ 5 0 ^ < <o ft m 
(ommtfi :nb©2orofe*o»lHl:iet5J: 5l-«W-3ftTV*« 0 

[ 0 0 3 3 ] 

c y s T M f4 , sftttjasft-ci^sia >^>f:/y ^ if — > 3 ^ jg * x 

Sfc Jt U V* 0 * % W <D SI fft 14 , #iaftR^^^bMt5Cy5 TM ^^-^^C0a^f4. Cy5 
T M 8 9a**iSfi^tV^gt»Sot%it,ftT^fco Cy 5 T M fljffi^^^^^r - h CO 

#3SHil4, ft S CD fEffl ^ # = X A izmfe $ ft 5 <7)Xf4fcV^, #«91#S>I4, iS 

V* a *fc *3 It 5 (Wttfr u^filffilCGH/N.'f ^ y ^ >Y if - > a v *s ± a <& co * h y > 

^ai^h^^^^y^^f^-^g^^iHijijsv^Tttffii-siftAi^asits) c y 5 T M cd^f 

£ £tti4 , 7^X7^^S^glt^v>^^#*&^fo5^VN^ta^^^«iiJ:5^cDXfe^r 

ttfltBtfcc Cy5 TM tb<^^5fefe^^fcl4fdlCD^ft^§it^i-V^ft^^cD^^ft 

£r iS ft 5 fc ft J;i . *3SWt4, ^^7^ /^if'-v/g ( — |SiS»ffixM:, 4 ~7 D 

jf^H — is s > $3 £ Xf&£ftM%£) 6t ^ ft 30 *5 «fc y — 5^*/^*^yi;^ - £ & 

0iitf*ffi*3±V«L^«Sr»«i-5. **W<0*Jfe*5J:TJ«i|flj*ftSrffiv^fttf, C y 5 TM 
> ^ -t # A! 69 lc ffi * 9 , i 9 v wn y y ^ ^ if - i> 3 ^ «p H *s nj tB lr * s o 
[ 0 0 3 4] 

4 y v y 4 if - > 3 ^ £ s * $ e, d k * 5 fc » m , * * w 14 , SfSi^-r ^ y t*- 

->3>IS, 1" ta ^> ^ ft £ ffi tt i- 5 o * * W ^ — H t£ ffi X I4 , *J»Sftfc^«SftiB« 
IS^[c^^X^^^yy^^if--v'3^4:fi : 9 (SlTOJife/^p h3-/Hi % 
0 0 % a fc I4 {5 g& fO « ffi <0 & * Sr « JII i- S , « X. 14* S h a I on ( 1 9 9 6 ) Gen 
ome Re s. 6 : 6 39 — 6450$r#flg) 0 W I (Dlgil^lj; ^ ^* y 

^ 4 if - 3 ^ ^ ^ , a*^«**i»-t?*v^»-&^#*^ak#$ftfc. 

[0 0 3 5] 

* * <7> jgij <D * JS jg ffi x J4 , ® « » 69 lr »J » S ft fc » !^ ( -T 4 fc ^ , ^ ^ y ^ if 

- > a v <^ !r ffl ft # ^ ft b fc » -& ) , ^ y y ^ if - > 3 ^zh^itf * b 

Co n 69 !3 *s e ft Lfce**«-e:4»Re*aME»Sft55. /^yy ^ if - > 3 v n 

* :r it ^ ffl ft 14 . S Pi 69 a fc 14 iB«69!zK«Sft»5. ^ y y ^ if 

- 3 zs St @: IV , '^4 -7 y ^ << if - ^> 3 ^ 3 |V , ^^^i^^i^/^fc^^ttiSl^cof^:- 
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* x > ^ , *5 «t Xf « ttj * x 5/ ^ £ $ t? £ # KM f- ^ * ,u (7) K <a m g ( # <b V \z i& S (KT# 
BR ) fc J: te <D s< y * — * ) cd fiU t> o fc :/ d >r ? a ft £ pj fg -f- § 0 
[0 0 3 6 ] 

l!i!Hift!:ft«ftSlifca«a»i:*3V^ tffi«Sh5 0 ^ ^ y y ^ if - > 3 >- ;± x a 
tfj&SjEfllSfcttJti&ft — /t ( 03 X. \Z , *¥omBS*>*F<Z>J:5!-±2'-3 < C. , 5i?) (D < /U 

, ft JB 60 # 36 fls ffl y # =. X A PS 5£ £ ti 5 t £0 X~l* v > tfs , i& & & fz. l*m gt <D T 
h^i:i94C5S§ (mixing) liA^y !i ^^f - *>3^3b^2:iS#>5 0 _h i£ L 

i 5 in s je a iw «) s jx fc at as ( a * , fi**3±t*ft<BK*o»w*j« 

£ ^ + v y< - ffl. ft ii , ffl 7L tf JP fc L < tt a * SE ft £ «s n 5 tt © « JH K ± 9 X Sb & £ b 
[ 0 0 3 7 ] 

tttftffftSo ^ >f -f V ? << if - > 3 ^ a * ( 1- 4 to *> , ¥iC^t5tr B 1) , S5 / <S 
9B ^ ft ( 09 * il * R 4g E ) £ ^ ip / W ^ y ? << if — > a v SR « £ «t 9 ft _b $ ti ft £ 0 
-Hffif iTMi, 3S@rt"C^W^DiE4r^So 3* IB <B — W T l± , (Siftfift'Wr/y^^-tf — 
a ygS^T^-f A^yy ^ ^ if — >> 3 t >^-o-*©«l:An, ^tLJ: *9 fc K 

[0 0 3 8 ] 
[ 0 0 3 9 ] 

rfex^ft^ijj ^v^9fflf§^±, 7jc ^ » 4 s -c s ^fe fe gjf (#i:S*;feic y 5 ™ ) 4 if o m 
ffl m II 4 fc , fit^y — 9^*^«Kf^fflSr*i-^T^)ft^«S:*tro St a -ft 3W *3 ± V 7 

9^*^^*^^^ir-!±KT^»tttzEiKi-5 0 ^-r^y^-rif-^3 > no i- a 

f-'>a y^li^BBiiffift^jxscy 5 TM*3fefeS^**^) i^ii, fe 5 ft ^ 4b it , 

[0 0 4 0] 

*M»§ttt«t5 rr 5 -yH»l4, 4-v^^/^^-a-4~^^-3 a, 4 a - T 

&m (i&ytm) j tife^ ^bodi py; 6*fcir; r i;t e n^Ty^Dy^7/uty 

K fe * j ( 08 ^ * S # If ffi 4 , 7 7 4 3 3 3 9 -g- £ # 88 ) * fc 11 -t CO « ffi tfo % & % /n 
-f^y ^' if — a yg^5!:j3V^T^^fflS}^/:i^!:ae(Z)feffi(Df:i!)!:gKS:SB^kt 
Z> <DlZ — jS6ili:ttS5h5S*fe*0^7^T*5. KitfCh e n (200 0) J. 
Org Chem. 65:2900 — 2906: Chem (2000) J. Bioc 
hem. Biophys. Methods 4 2:1 3 7 - 1 5 1 ?:#ffi 9 
6, 060, 3 2 4 ^- ; ISJiS, 994, 063^-;f^j^5, 614, 3 8 6 ^- ; ^1|5 
, 248, 7 8 2 §; wg5 s 227, 4 8 7 ^- ; ^ S 5 , 187, 2 8 8 t> # fig co - 

— G 

[0 0 4 1] 

■ > T = V 5 . 4 II ' C y 5 T M : fciL^ ^ T ^ > 3 ^ t' It ' C v 3 T N: > ^ 
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ffl f§ \± . KTI-^SS^ISStSAme r sham Pha rma c i a B i o t e ch ( 
Pi sea taw ay, XJ) (AmershamLife Sciences, Ar 
1 i grit on He i gh t s, I L) U <0 $t ft is T =- is & & % £ fc I* ^ <7) ^ {ffi £ 3f 
"t" o * B « fff * 6 , 027, 709^;I^]^5, 714, 3 8 6 -g- ; ffl % 5 , 268, 4 
8 6 f ; 151, 507-5§-;(^]^5, 047, 5 1 9 »S:#| a m 5> <D $ !3 

x ISftl:, C y 5 T M 4 fc J± C y 3 T M \Z « ^ b fc 5 - T * / - u /< ^ yu - 2 ' - X 

o 

[0 0 4 2] 

a - ^ ^ ^ > ^ > y ^ - # ^ ^ . M XL , r i * H # fff ft 6 , 0 5 1, 7 1 9 BS ) ; ^ 

yU^-Uir^^fe^; TBODIPYJ fei^ J;U^ffife (« i li ^ o > f y # o y ^ 7 
yu * V Y 6 ^ , m x- l*£ S * rF 10 5 , 2 74, 1 1 3 £ # fig) ; 1- E^V^yK!)^ 
]>^U^->ry>f^K — ^0«»fr(«S:.i*B#lfJI55. 4 3 3, 8 9 6 *Sr#I) 

i ft $>Xf\z.£.X (DmHSfa&lS'Us ^T0^4DO*3tfe*fir$t^o*B««F*6, 0 2 8, 
1 9 0 -g- ; Ir] ft 5 , 188, 9 3 4 f t 0 

[ 0 0 4 3 ] 

* *n * -c tt ffl i- 5 rt**tti:^-f ^!)^>f xt5j , r»*tt/j.^>f^y^^-tf-^ 
s >- J *3i t; i tSRftl:^^^ J y^XfSj i: 1/ ^ 5 ffi R «i , ^ # ^ ^ 7 F!l>y 
x> M^#Tt\ »3t0^^ud-^KJE5»Ji:ffi5fett!ri»^, Z. fi <b it ^ <fb % ^ 1t !4 ^ ^ 20 

^-Y XU?iv^^#Sr}i-f~ 0 KS^-YXy y-f if->>3 y^^ci ( 08 & „ T u -< , IMF:/ 
t/:iiy-f y^YXy y) iztetf % t x h V is i? > b ft 4kflr 1 *s J: r 

^ f !) y^xy F/iA^X!) X^f-^a y^^^ttj tt , IE # # » T- fe 5 > * ft Z> 

^xy F4/n^X!1 y^ft^ itli, Httf, 5 0 % * yu a t * K\ 5 x s 

S C , fc^tf 1 % S D S ^ttflSi + TM 2tt^A^ Xy XYir'-v' a > , |f:|j:5 

X S S C , ^UM % S D S ^^tflSSt t 6 5 °CTO^>f X II X^f f - y 3 y ( pf X? 

t tO. 2XSSC*5«tL'«0. 1%SDST6 5 t Self ^ ff y ) ri s *|Mf *b 5 0 * h 30 

!/ hi^>f XU ^^*-^3 y*#O0Ji Ltll, 4 0 % ^ ;u A 7 ^ K\ 1 M 

N a C 1 J8 i V : l%SDSWS@StT'3 7°CT^^Y Xy f - y a V , ft b tw 1 

XSSCt45tt?©ft»t)*lff)Jx5. fcSVM44fc, 0. 5 M N a H P O 4 , 7% 

Kf y^ffiit h y A (SDS) , ImM EDTAftB 5tt^7y;^8^DN T 

a — /> y y # 4 if — is 3 ^ , teitfo. 1 x s s c / o . 1 % s d s ^ -c 6 s °c t- co 
Sif^riJS IT, *5SW^6Brt©»ja&Btj3£L , !*|8t?t 5. MS SS # X fe n.'i , ft # 
65 AT # BE (ft i- 3 ^ ^ y y ^ if - is s ^ *3 X t>' gfe » ^ #t««LT, IR]*©^ h y y^x 
yy-^)Ht?:l5:n>tf 5:^?|!:Iift5T^^9 0 l^L, /^-Y^y^H' 
if - is 3 ^ » =« (O m « Si S Xc tt * < , -ag^rrii^o^T^btiti^i: 9!:, ^ S. ^ ^ 
«!B<a-ffiHrt:rfc£ri>Sri>£&ft^ h y > ^ ^ ^ - T - ^ 40 

0 . 0 2^;i^t\ p H 7 C7} j& Q g % *3 J: X* 'J? ft < t u ^ 5 0 °C * fc 11 g«j 5 5 °C — «j 6 0 
X: <D jft £ ; #j 0 . 15 M N a C 1 OfiCft 7 2 t !: TS 1 5 5)61 ; ^ 0 . 2 X S S C 
^ISST'^/^ fc #?J 5 0 S !4 5 5 C C - 2$ 6 0 ^ <D '& 3t T- , ft 1 5—^2 0 ^ RB 
; ^Y Xy ^Yif - v- 3 > tl ^ £: , 0. l % S D S Srtt?^ 2 x s S C^Si2S©i?iS 
■?Sift!:t 1 5»B2SS)6^U, ^ CO « , 0 . 1 % S D S % % t? 0 . 1XSSCT*68 < C 
:i T 1 57>&l2lir u ifto : i ; s= fc. It ^ ffi 4 ^ <4 # ¥,f oi".c c {fc i* co f- o ^ N V is 
is ^ h ft & It ^ tz . SfJ ;f , 0 . 2 X s S C / 0 . 1 % S D s -e 4 2 C C X o T i 
c SS^^^f t^ry t y =* 5t ? > it"? Y ( ' > = # . ) X h Z> » ^ , 7 h y y^ x y 

h ft 3k ft= :t , 6 x s s c / 0 . 0 5 % c y v ft -r h y 7 a * 3 7 c c !i4^ity^ 50 
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. 48*C ( l 7 ^mir D =r v 551C (20lS*MoS^) , *5 £ 

6 0°C (2 3fiiSt M©»^) -?<&0fei£££*»5 o *flS*^-fyy^-fif — ->av*i 

4?.y:;liifcH«lffli («x!issctsigiibi?::§ 

ffi'SKSI33J:tJ : ^#) IwOV^TJiSamb r o ok, A u s ub e 1 ft fc !4 T i j s s 
e n ( U T -C 51 ffl ) fe # fig CO r t o 
[0 0 4 4 ] 

*Mtl§fffifflt5 r ft W "SI e£ * ffl J£ «b T? CO g! E* ( it ) j ft 54 r & ft »T «g as # -c- 

R (•ft) j ti^ffllli, EA T !: IS *B 12 ft i" 5 4 3 ft: « Ui «T IE ft ffi /£ «j (-f-&;b*>«tt 

) Srf+iDLfcSEBfSrJi-*-. w ft. !c 14 . Milf=y ^ r-7V*u-> 3 >, 7 1/ i? h.? 7 ^ 

- # « , « l tt/?^T-S:fflv»fc«|Bi:ifi; isftgi^roaBftJia (^7t!4^£ti^Itg 
ft 0 8K lw ft ^ * ft » ) co © & ^ # affe jf f, jt, 5 o ^ §£(4 , fl^g, nrftfiS), # ¥ 65 . 

3t it ^ 65 , £ it * 65 , & g ^ ^ etj . »gfi«)*fc!4^^«)^a*irwffisro#a!=j:9ftai 
•e # -5 . 

[0 0 4 5 ] 

^MDNAC^^yn?^ - >-Uj iV^fflgli, D N A co *f fig ( #J ;t (4 „ TjE^j ) 
ty/yi-tlt^t, ADNASr*ttti6©»»f y^^i:«it5«B. $c £c *s 4: / 

*fcJ4^ = -^7iiH?iJco^«co^!±i^E5fei-? )<> 

[0 0 4 6 ] 

^BJ^fflST-^ffli-?, r^^j £v%5JHHH:. — *«Sft co ^-fft^co^jffi co -r^- 

FStli^^^ utf K?rJ|t 0 C co ffi f§ !4 . utf- K© 

Kfii©SS(HfrSr^fc'«ES*^*-t-5. £ co ffi ff !4 * , ^^#*&^*i-SS^«*itt>^ 
tf . **M#iftt5DNAt*afi#iUlt, * * * ^ * x >V . *** n ^*^- 
K □ -/f ^x- h N — *^*d75 f - T $r >i- -fc * -fr 

b ]) ^ 7,7- /U s 7 /V7 7 ^ — h , 3' -^^-T-fe^ — y^U-V (>f;K > / ) „ 3 

- N - 1j * — N , ^e^*!) i^^^f KS1 (pna) fcmif 
<bft-5;Oligonucleotides and Analogues, a Prac 
tical Approach, F . EcksteiniH, IRL Press at O 
xford University Press (1991) ;Anti sense St 
rategies, Annals of the New York Academy of 
Sciences, Volume 600, Baserga:fc4tfDenhardt£I 

( N Y A S 1992) ;Milli gan (1993) J. Med. Chem. 3 
6:1923 — 1937 ;Anti sense Research and Applic 
ations (1993, CRC Press) £: # fig „ P N A 14 , N — (2-7?; 
^ f 1 ^ ) ? y >s V 3- = y V ft if co # 4 ^ tt# & & tr . 

*. tf\ * B *fr fff 8 6 . 031, 0 9 2 f ; RJR 6, 001, 9 8 2 t ; Pli 5 , 684, 
1 4 8f !:Ef $Jltl>5 ; WO 9 7 / 0 3 2 1 1; WO 96/39154 ; M a t a 
(1997) Toxicol. Appl. Pharmacol. 1 4 4:1 8 9 — 

I 9 7t#i©;t, Ccoffl|§lr4!3'a^$ftSteco-&^#fetLTI4, * f- yu - * * * 
4^ — h S *£ * fc. !4 R W 65 ft > f- )\s * ^ * -t- — h *5 J: tf * * * s. 7. T >^ * & ( «aj tf , * 

II # ff f£ 5 , 962, 674^-;Strauss-Soukup (1997) Bioc 
hemi s t ry 36 : 8 6 9 2 - 8 6 9 8 Sr#S) , * o U 1 ]:^ V v 1 ^* ^ * ^> - h 

* B # IT » 5 , 532, 2 2 6 f ; Sams tag (1996) Ant 
isense Xucleic Acid Drug Dev 6:153 — 156£r# fig) 
?r-a^i--5o ^ t V> 5 ffi K 14 , jS -7- , D N A , RNA. cDNA, m R X A , ^-y=* 

[0 0 4 7 ] 

* f S St'iS to ' T > -Y . . ' t ^ ^ a T > >f . , ' D X A T > ^ . , ' m&.T ^ ^ 
. ft fc S 'A-ftf y^j i 5 S»co^65^>>>'hT-fe9. #Si|;ii/>y 

s :4 , t ?x ;3 12 $j i~ c 4 5 ;~ -f- > y /> s & t © ^ y y ^ ^ ■** — -> 3 >- co ^ :r s 
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cD^^y , /u<to/N-f^y^-fif--^3>' c t I- ^ si ) $ n & % i o&s ±<D&%twi 

K ( M *. E £ ft ** WitfSSru^) ft t b T ft « £ ft 5 0 
[ 0 0 4 8] 

*W«s#Tttffii-5 r a ft a W if v ^ j £ fc it r ^ -y- ^ y )v : t i * o m m :i s ftfe 
tf> ^ ft , iKy ^/f Kt> L< Ji^titoH^it ( £ Ji B 5t ft ^ n - zf ) ^ co >f y y ? 
4 if — a ^ Id if b tz ffi flfi <D ( ffl X- l£ s ^r»tt*Sffl[i:LT^) DNAH< liRNA, 
*fcltX^ft*S^b*BSnftDNAt) b < fiRNA^^t-^ft^^tPif:/://^^-^ 
o tttftVB, * n - = v ^ s » tg M $ ft fc t ^ t b 5 5 c #J ^ tf > *fifti:yy 

ft . # je o ?fe fe w <n m k » k ^ ft t b < « - , * fc s ir £ ft fc e ?y (p^ifttoy 10 

d - 9 - , it 6 , *«t>L<ttlWK»fl- % c D N A 4 if ) h ft 5 ^ J A D N A , m 
R N A , U<licDNAffc!)fl5, St ifc * ^ ^ ^ tt , *J&<B»JSSfctt»»J&»fcttHi 
£ ft ft 5 o »fti^^^^^PM^ft^^Jia^fc^#l^if^7 P ^ii, ftifili, y/A«8 

4fc ffi ( 00 x. Ii\ ffi ) Sr*-*"5iJSfeft*»#^b»Si*ft5« *B 3s «fc W JS. >" ^ ^ 
Sr^Bti-S^fett, a»#lcflB»-e&9, fflftSJtf, ft £ ^ ft if # ^ ft 5 - 

ft b l:: BR J£ * ft 0 if >- ^ yu fi x a«*ftBfl!)OfcAl:Sbtifcftjs|[9)^Sfcfi^7 7 
-f>«J^ft4f^»««^-Sr^tf, S*^&#fcf yy/K-fcS r ^ if ^ ^ yu j tfcK 

te^#«fis*^>»aa^e>t>RafSft?#5. *§ ^ t- ± 5 , ^^^y^^f-^a y©iti:p 

, *S»TfcS^4feli («lx:fi*MjBB*irE<fc-r4J:5^) SI ft $ ft T , o - y ( 
5i5tLTfciv^ /D-^i^ «*.tf#y^9— -tfitWRJC (PCR) 

^ (ffelRSftft) 8B^3&»b#fc«ifc^«#IS^bfej*Sft, eEet^-jlRS:ft-&»^«L 

# 5 ( 011 x. ^ a — >- (7^ ft t L T , Witf B AC, P A C , Y A C * if ( K T # H8 ) ) 

K«i, *fctt»W«ifeT^*ft) f'±9«tasft-cv>TtJ;v^ 0 30 

[ 0 0 4 9] 

« ft T 1/ >f * tf ffi J* «b . *3 ± V « ft ^ y ? 4 ir" - > a ^ R * ff 5 * JS6 

ASr*l»5, ^ < o ^ (D ^ Jfe Si , *J8«^)7 U-Y^iVJffili, 7 1/^flT^it 
Ry/A^^^il^^f-^ay (CGH) Klf $rttfitl*y/ A/N^^y ^-f if*-v/3 
V (CGH) RlS^dSV^-CttffiSftS *ISfFl 5, 8 3 0, 6 4 5 ^- ; [1)1 

5, 9 7 6 3 7 9 0 S: # fig ) o r.ft&^SiCtt.tt**^^/Wi:»W, ^V^y^tOJSe 

* m & Sr it (Ss i- 5 o « *. tf , r IS i4 j » m ( « A tf r IE # j v £ £ ifi € ^ S ) S it !i r F# 40 
14 j *f fig (0ijKL«^*p^S5SBJ!atb<tt^*P^^RI ( M x. Ji ffi fc b < !i ±i « * if ) S: * 

-t z> m m ) t it -< t s (Wiiisse^^KSrtts tRbiisiSJia^&ftfe) y / a d n 

[ 0 0 5 0] 

<o * sg » ts -e i± . M * > ^ /Hi , ^fefr t) t < A^^ff cor^\ * fcii^ / a 

^ ft ^ « T 9E ft gr €r « t? • ffi Bk * > ^ :i > ft ? *. !2 flk HI ^1 ffi * SB 5> ( & ^ ® 3fe 6 « 

) ,t 9 « st ft $ ft » ^ c a s w :^ , m if > ^ ^ m ft :± s * fe * ■? « bk ft $ ft , » rr ( 

K x. :f r IE « : ) if v y yu li m 2 <d fe * (KiSC y 3 ™ teiyc y 5 T K ) t- « 12 ft 
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y^-YL, 5 ^^if'-v/a via J:t;gfe^ii:, # £ i?t <D E (ffiiST 1/^1^)7 

#5/ h ) *3<J:^fiSrK^^Oo E ^ -ft S a , Sfefti A(7)ftS^r^^fc:i4 

( f 2 i If Y A C , B A C , P A C if ) "C fo 9 » 5 c T U >f ft ft? CD * gJ 
t L T , 7 * * # y h . i± R & <o 5U ( ffj x. l£ if / a * fc ii fife <£> IE ?ij K *: <D 

m & ft m x« ft <d & ig; <d & ^ u h =i - ,u s fc a s e t- s» a £ ti « 5 • 

[ 0 0 5 1 ] 

^ £5: as g 1 

*58MS:*iS1-5BR!Cttffii-5g[a{±, R K A , c D N A , ^ y A D N A , -< ^ ^ - % r> 10 
^;M*ft!itft5,o^>f^y y Kl:«bbf , 8* 4ft^»^ b*8Sti, fifi^JHf 

m x- n « »l n , » » , ft**fc * ^t*tfffitt©ia»i«a3R«rttffl 

[ 0 0 5 2 ] 

fc 5 VMi * , ~ *L <b <0 ^ g£ , W *. Jl , Ca r ruther s (1982) Co 1 d 
Spring Harbor Symp. Quant. Biol. 47:411—41 
8;Adams (1983) J.Am. C h e m . Soc. 105:661 ;Bel 
ousov (1997) Nucleic Acids Res. 25:3440 — 34 
44;Frenkel (1995) FreeRadic. Biol. Med. 19 20 
:373 — 380;Blommers (1994) Biochemistry 33: 
7886-7896 ;N arang (1979) Meth. Enzymol. 68: 
90;Brown (1979) Meth. Enzymol. 68:109 ;Beau 
cage (1981) Tetra. Lett. 22:1 8 59 ;*@#ffg|4, 45 
8, 0 6 6 * l:E«Sfll5 i 5 9 i n vitroT?-&/*$*L 

if i" 5 , Sf:!i/7^ ^-E5iJi:*tDNA*5 ^ 5 - if £ ffl v * T ffi M ft 5r # in £ ■£ 5 
[ 0 0 5 3] 

7V^Ay7>(-7-«ft, ~ s/ ^ h ^ u — tg (B ) % la * ^ , 

4 if - 5/ a ^ftif^>«»S:!ftf^i-«fc*<Dat!5tt, 8*XiRfcJ:Df»ffia!:fli|!:E|i 
StltV^5 0 «itf, SambrookH, MOLECULAR CLONING: A 
LABORATORY MANUAL (»2K) , Vol s. 1-3, Co Id Sp 
ring Harbor Laboratory, (1989) ; CURRENT PRO 
TOCOLS IN MOLECULAR BIOLOGY, A u s u b e 1 *I John 
Wiley and Sons, Inc., New York (1997) ; LABOR 
ATORY TECHNIQUES IN BIOCHEMISTRY AND MOLEC 
ULAR BIOLOGY: HYBRIDIZATION WITH NUCLEIC A 
CID PROBES, Part I. Theory and Nucleic Acid 40 
Preparation, Tijssen£I Elsevier, N. Y. (1993 
) £r # m <D Z t o 
[0 0 5 4 ] 

o - V . cDNA^n-ytfcli^iyy^DNA^ffi^ft^I^^g ( * fc if (g ) 

* & ) a , ff;*.sr«9Las4S5Axifefefr c *. :f , a s c e n z i on i (1997) 

Cancer Lett. 1 1 8:1 35-142 ; XltfrlS, 721, 1 1 8 ; 50 
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Ir) m 6 , 025, 1 5 5 S: # flR ) ( t hAl^feft^rttf, 09 XL tf . W a r bur to 
n (1997) Nature 386: 553-555 ;Roush (1997) S 
cience 276:38 — 39;Rosenfeld (1997) Nat. Gen 
et. 1 5 : 3 3 3 - 3 3 5 «r#i) ;g#-»AXSfe#.#:(YAC) ;&B«AX5fefeft:(B 
AC) ; P 1 A X m W ( K 7L I- , W o o n (1998) Genomics 50:3 
06 — 316;Boren (1996) Genome Res. 6:1123 — 113 

0 £ # fig ) ;PAC(x<^^y^^r~v ? Plffl^-<^^-,^^^Ioannou ( 
1994) Nature Genet. 6:84-89;Reid (1997) Ge 
nomics 43:366 — 375 ;Nothwang (1997) Genomic 

s 41:370 — 378 ; K e r n (1997) Biotechniques 23: 10 

1 20-1 2 4 S#S) ; K\ =7 * * KU< lie DNAl:^iiX5 
4#WtilSSh5y/ASfclicDNA7>f ^7 D-t^tfo BACH, 1 20 Kb 
EJL±(D-f^^ — hSr$tf<^#— -C*>5o B A C I i , ^filFH^ ^5^ 5 K*HS<5§ 
, ^ 4 9 u ? 7 M><DMT*<D&ft1o ZXfitlfm&mi¥--T* $> Z . B A C ^ 7 * * K tt , I® f& % tz. 
9 1 - 2 ^ t°-!:H$$hTV^f^, **6tt8fflSh»5YACtfit 
i-i(7)Pp1i^I< As a kawa (1997) Gene 69-79; 
Cao (1999) Genome Res. 9:763 — 7 74Sr#B8 0 B A C ^ ^ 

^T'feiV^ (iili, Baker (1997) Nucleic Acids Res 2 
5 : 1 950-1 956Sr#BB) 0 YACfc^JBXt, 80— 7 00 kb(Df^X(lb 20 
/:5^f ^t - h^ttf ^ t^t'^ ^ (M^llf, Tucker (1997) Gene 1 
99:25-30;Adam (1997) Plant J. 11:1349 — 1358 
;Zeschnigk (1999) Nucleic Acids Res. 27:21 

* # BR ) o P 1 ft. 7 5 — 100 Kb WDNA>f yf - hSr**#5*»Kt31«fti-5 
/^7!)t77-^tfc!) (Mttf, Me j i a (1997) Genome Res 7 

:179— 186;Ioannou (1994) Nat Genet 6:8 4 — 8 9 £r 

# BR ) . A. 9>f^7y— ir(ilflRl«(c^^!; — = ^^S*t5o Ashwo r t h (l 9 
95) Analytical Biochem. 224:564 — 571 ;Gingr 
i c h • ( 1 9 9 6 ) Genomics 3 2: 6 5 - 7 4 t #10 : t , EJIJv >f 

— K ^ n — ^ , ^ ^ ^ - 4 11 , ATCCH<liGenBank7^y7U-4^ 30 
W#M£fcf2M<7>*^ * fc W: t> L 

[ 0 0 5 5 ] 

g jj g 1 B 

ffl e ti 5 & S: £ /& L . 7 u !: / W / U ^ >f X L fc IS R 1J- ^ ^ S 7t !* *t RB * ^ ^ ^ ^ 
-< vi- Sr tfe m a fc ft A3 * X- # 5 o (ISfi i^ffiT"^ — ffl v ^fc ) if « , ffi ^ ffi 

4 ^ o - y ( 0!I X. ti , C y 5 T M - £ !± C y 3 T M - v" h > V =3 ^ ^ a Jf — {> ) £ s gj 

lb ^ y a d n a t ^ ^ y ^^xstsoimtitsniifettSBy; adnajs 
ttt*l:*9atffcfti:#fl-efc5, 3 HI * X- *> *t K , Sfflfc^y^ja^u^^KiSK:/ 40 
9 - £ 51 R jo «t rj S ff -e # 5 e *B*S{)SS^»T)S*iTfc 9 , 05 x. « , ^!)^7 

- if g 0 R j£ , i" -b % P C R (PCR PROTOCOLS, A GUIDE TO M 
ETHODS AND APPLICATIONS, Inn i s £! , Academic 
Press, N.Y. ( 1 9 9 0 ) *5 i PCR STRATEGIES (1995) 

Innis&i, Academic Press, Inc., N . Y . , D iS — if 18 
SI R i£ ( L C R ) ( 03 X. W u (1989) Genomics 4:560;Lan 

degren (1988) Science 241:1077;Barringer ( 
1990) Gene 8 9:11 7^#1) ; 6?l§t§ (K^L.'f, Kw o h (1989 
) Proc. Natl. Acad. Sci. USA 8 6:1 1 7 3 5:#S) ; ft h 
L';i§Sijt£KIS! (Ki!:, Gu a t e 1 1 i (1 9 9 0 ) Proc. Natl 50 
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• Acad. Sci. USA 8 7 : 1 8 7 4 ?:#S) ; Q j3 1/ 7 s D -f t§g (ffl^ 
-.Smith (1997) J. Clin. Microbiol. 35:1477 
-149 1*r#JR) , g m it Q - 0 U -f ]) # - if tg a r v ir >f ( ft' ;t :4 , Burg (1 
996) M o 1 . Cell. Probes 1 0 : 2 5 7 - 2 7 1 i#B) % ft&ffl: 
te^RXA^3i^7-ir-{*^IS^ ( m X. 14 s X A S B A , Cangene, Mi s s 

issauga, Ontario) $:#flg;Berger (1987) Method 
s Enzymol. 152:307 — 316;Sambrook; Ausubel; 

* H # |g 4 , 683, 1 9 5-9-*5±t5RI»4, 683, 202^-;Sooknanan 
(1995) Biotechnology 1 3:5 6 3 - 5 6 4 t#S) If 

So iSf v-!:j3»5*J75 K«BfeR2g# (PNA) (D^ffi^ffigci-^ 10 

fUtt^I 6 , 06 3, 5 7 l#S:#BB©r.t 0 
[ 0 0 5 6 ] 
& <ft ^ U £ >Y if - > a V 
#*M^*SSr*iSt, *?SIB^fi««Srffifflt5KI^ «8^»»*5 J: tfSt SB t y ^/u 
Sr , ( M *. tf T u >f ± cd ) 136ft7 p o-^8Si/>^^5^-i'XSt5 0 — Jt Mi » IB tt 
x /n^D y ^ if - > 3 ^ ^ # js J: t> + / S ft 14 Sb # ^ # 14 * S * ^ * h y is i? > h ft 
*#TT^tSSJii c ^^c7)/N^37'y ^ ^ if — a >- |z o ^ x J£ m m \z to ft. -5 # 51 # 14 

N 09 X. }4 „ Sambrook, Ausubel, Tij s s e nT*£olt5: H»T'#5 

0f«^>f*^**S3J:t^pH^te»t54#ftOiE^J<DfRiH*iaie ( T m ) J; 5 5 °C {£ < 20 

ft 5 «fc 5 51 « $ tt 5 o T m tt , 5 0%©g6!]EJiJ^^il:l'&lfc/n^y t/N>f y y 
^VXf^ (Bfto^t^aftfc ±Vp HT"e©) a. T* fo £ o ^Sn^hy^v^^h 
ft * # tt , ««©^o-^©T B i«K 45 J: 5l:iRSJi5o IMF >- £ ft !4 / - if :/ 
^ n y H:fcV^T7 u -Y S ft 14 7 ^ * ± 1 0 0 5 SittgS^tt ^ ffiffig^ 

(7)/N^yy ^ ^ if — iy 3 is <n fz £> (D * h y v ^ ^ > h ft >^ :/ y ^ if — 3 — 
8?^>f^y^'f*-S/3y»» (Wig, SambrookSr#flR) H2tt 

m l , ^^f^y y^f-s/aysr-ft^mff 5 :tt*5, k a ^ ^ h y ^ ^ = >- h 

ft m W 3k # <D — 01 J4 , 0. 15 M N a C 1 T? 7 2 °C \Z X 1 5 ft TS T- fo 5 0 ^ h y y^x 
^ h ft Sc » 3k ¥F <0 - m (4 , 0. 2XSSCtfe^^6 5 c CX15^^tT?r^Xfe^ ( #J £ 
I4\ SambrookS:#fiB) 0 lifltf, 15^1:^ h !J y y x y F Sff !i , j, ^ ? 30 
7 * ^ k 7" a — ^ ^ -f yi- m < i" ft ^ \z ^ S « * ft !4 <S f£ lc ^ h y y v^xy h ft gfc ^ co 
ICff^n^o M i If 1 0 0^^ KSrlUlSZtb^A/^fcft^fSSl:^ h y v 

ai ^ h ft 06 * ^ — « H , lXSSC"C45tl:T15»Btfc5. Wilfl 0 0^^ 1/ 
^"^KSrJilHl^-fi^i^Ay^iSai^^ h y ^ v> * ^ h ft Sfc ft <D — 9J (4 , 4X—6XSSC 
TMOtiltl 5*Btfc5. 
[ 0 0 5 7 ] 

— as <^ ^ m m m t- ii , *Kw<Djjm3s£x?mi8tyo\'±. m m ^ tg ft as ^ = > & » y - h l 

ft 0 s / A D N A £: % i" ^ , «l Hi ^ «g ft 95 # (^t!fCy 3 T M * ft 14 C y 5 T M ) ( fc 5 

^ , Sfctt^/iH*fr«:*"t-«Bi^a«ft»ffl"Sr**»S. - H is ffi J4 , ft * v 
^/U^S^fo^^lM^ = yy^y- h e it , ^tffi1i-^7 ,, /i-^M2 (Oil <b n >• a. — h 
#^^14, [x^iJ^nT (5%f6»:=) (^Ji:4, A * 5 > ^ -f S: « i~ 

5) e ttBkfeiWStRR-^v^yuSrm^irt, ( i 7 y ^ _h <D ) ^^{tl^n - yji/y 
7 -Y L , / y ^ ^ t* - y a y 40 J; i>*ft i^i , # « m <o & o (StS, r ^ ^ ±cd ^ 

# v h) i U : a ^ K m iz * ft 14 51 ifc K * ft 5 c 

[0 0 5 8] 

♦ /Bftsra t u-r ,4, 3 2 p , 3 5 s . 3 h , 1 4 c , 125 i , 131 i : % ^ 4 m ( 

K ^ 14 % C y 5 T M % C y 3 T " : , F I T C , n - ?' * V , 7 y^^ Kf 7^ ^ ir ^ 50 
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^ v K ) , M © -7- ^ & f£ |g ( #i x. If , £ ) , m if E L I S A T — ® 65 /H £ ft £ & ? 
ft St ( K X- \i , E # !7 * tr ^ vi^ * y ? — if , 0 # 5 * h > ^ - if , > :7 a 7 - if\ 
7yu* J*77t?-<) , it ft S Bt ( W X. K , an-f KA) . 81 ft Sf ft ( 09 XL !4\ D y 
n a b e a d s T M ) x fcT 3r ^ is „ v?**^^=^(dioxigenin) , * 14 Si 

Jfe iff fc L < Ji y ^ n - -r ;u ft # x # *J 4 ^ ^ ^ ^ $ v v # y/<^fltf*if 5,^5, 

n is i* , *B»*oti[afeL< tttt©«»ft*ft!:i«a8a*n5^, s fc a « 69 1 ^ 
>f^y ^^xtu<a»^t5^n-yt ) t<aaftj:#jtiiT*5, ^>^f ks, z: & y 

# - * - ( #J x_ 14* , n ^ v> <y y< — » E ?B , ~ ik <D r£ ^ U 1±L . IE ¥ T ^ ^ -< - * - 

K ^ t 8 h - 7" Sr ( m it IZ % % ? u * is K jft £ \z ) A 9 ii ir r <t £ 9 B fig !z # 5 0 

t5»«E»4Sft»tSfcli«^Sr»^Jt5:i^tt5. *. tf , Man s f i e 1 
d (1995) Mol Cell Probes 9:145 — 1 5 6 i, 7 

M?lffliCGHtli, *Sfti:, *3t*l±E^^»-fri-5 ( - * tt« Kfls »I» *5 i v«ft 
^ 14 ffi R ft ) o 09 *. tf , d-^^ y*5j:t>'7yUt y ( M x_ fi , D e R i s i ( 

1996) Nature Genetics 14:458-460 S#ffi) , t L < !i 
U "fr S > (1 i ss amine) ay^ay- h ftSifift * i V 7 yl/* 1/ t >f y a y ^ 
a^-^^l/tf KSfilft ( 0U x. if , Sha 1 on (1 996) fift « Sr # fig ) ; * ^ 
^ h U y K (Spectrum Red) TM joJ:t^^-<^h^^y — ^(Spect 
rum Green) TM (Vysis, Downers Grove, I L ) x ~ J4 
Cy3 TM joJ:r>*Cy5 TM («T#fiS)o 
[ 0 0 5 9 ] 

#l:»»43t»i|Xl4*3j;r;i(5^?5 3tttS:tt5 (flitf, * S # fF |g 4 , 3 3 7, 0 6 3 

* ; m m 4 , 404, 2 8 9 ; mm 6 , 048, 9 8 2 f{:#|) e - % % fig X' !4 % 
Cy3™fcJ;(;Cy 5™!«t:gffl^, M*^rtAme r sham L i f e Sc 
i ences (Ar 1 ington He ight s, IL) $g <D ^ % is T =^ Is X 
fo^>o :nblt, ^ / ADNA^)f y^yu^efCJ; 9 (^d^tf, ^uy^^y^^-if 

BUfcdCTPtB^JftfcCy 3 T M - SfclJCy 5 T M - dCTPa^^a.^- h^r 
«5iitf. «a5E^ttWflF^ttV^ PCRi:i9««<k«6i)S:4«t5a^, 3 3 % ffi 
dCTP»6 6%**«dCTPW8*fti:i9ato**t5a}i«siaSh5 ( ^g: 
dCTP#50%^±££#) ; 5#1^ PCRS^Iilf^^ Cy5 TM l4 > AM65{r 
, HeNel/-f^ 6 3 3 n mS }I i; 9 Stl, f*|j:6 8 0 nmtS8§ft5 0 M 

7L\Z, Bartosicwicz (2000) Archives of Biochcm 
Biophysics 376:66-73;Schena (1996) Proc. 

Natl. Acad. Sci. USA 93 : 10614—10619 ; Pi nke 
1 (1998) Nature Genetics 20:207 — 211 ;Pol lac 
k (1999) Nature Genetics 23:4 1— 4 6 t a 

[ 0 0 6 0 ] 

«f:fei"egs&ia{iit5*s, fcit;«swsf:i ( f 1 uo r o P ho r e ) & n 

^»IBt5*ftii, Stt»Bf^&t*5o R^S, JRBIfffSS, 5 3 9, 5 1 7^-; 
fH]®6, 049, 380^;f^]^6, 054, 2 7 9 f ; |g 6, 055, 325^?:# 

B^-i. ^J^:^, 3t*m5io-tfc5cru>f±^«3fe^^^ h ^ «: ar « ft 

t? # s c Sot, 7y^^^^/^^^ h^6a:z»»sjifcanfc^»p,n5. a % m <o % 

feg ( m 7L It S ft Si a ii « i ^ * 55 S tt ii J . 6 & ;i « m s ^ ar «: , ^-y=f^^> 
3ff K7u^©B63B»H/<?^-#-?fc5 B +^^u-ifa^3fe. ft 5, I? !r i 5 (E » 
SI6£"Ht5Cy 5 T M j3iI?/*tSCy 3 T >^ ffi L fc & -fr , r > >f 14 5 & * 

S T- K ^ 5 o w > # c c 
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[0 0 6 1 ] 

(KiliCGHSSJtSJ:}::) C y 3 T M *5 X V C y 5 T * fi o 2 o <D * ft fir £ - 

[0 0 6 2 ] 

x - 9 # #r !4 , « ;£ MT . SgfiB<DHSt LTOf Jtaft^ftStS^ryT', r bl a ffi 
- ( @f /fe co SE Ht 69 # ft 3fe K i" £ x — 9 ) SrB&S-f-S;*? 1 *:^ * tz &m o fc 7^ — 9 t>* 

JftlSc *1#^| 5, 324, 6 3 3 ; |W) fj| 5 , 863, 5 0 4 ; [I?] fg 
6, 0 4 5, 9 9 6 ffe#B©:t. *«BH:ifc, X»*J:l:ttfit 5 t y ryHo« 

Kftv-^^Srftffitsfcfe^gE^gffits - i: *t#5 0 M * « , 3fc H # !? 5 , 5 
78, 8 3 2 *«r#Io:i, 
[ 0 0 6 3 ] 

« BE ft 4* / ^ ^ ^ ^ iffr ^ ft & £ 1/7% ft 

* * tt , ft 2 0 0Jft**j»j&>feJR)2 5 - ft 3 0ttX8*!:/hSv^««ftyy Ai^^ffl 

^^^{gffl-r^o nwk , — gp^y □ h >f ^ y ^ >r if — 3 v <^ ft *5 £ n — 

RttS:*»i-5fc*fc*v^»f>i-Ottffl«rat5tLTV^5 Ka 1 1 on i emi 

(1994) Genes, Chromosomes and Cancer 10:23 

1 - 2 4 3 fc # M ) o 
[0 0 6 4 ] 

± i£ b fc ± 5 lw , Sa5«KftK8^t>f 2 0 0fiS*i8l:45 ^^71 ^WXl 

t fi < 4 ^ o 7l/^«llCGH*^(7)-7^^Dr l/^/>^^D ^Vf- i>3 O |§ , 

»t "C M: 4 < , i(v^/<y^^??y Kof8i45. Sot, *»H©H«*J3 i *ft n 
> K>i-ftDNA^n-y^ft2 0 0tfi£*SS;!Pbft3 OttSSftJw/hSV^ttH^^-fXi: 
1" 5 o 
[ 0 0 6 5 ] 

ASM!::, ^^yy ^^f-^ 3 j|!:jo^tf ffl ^ti^lUk^^}^ ^gi r^>^ 
^^^^ ^ ^ ^ J s * =~ y 9 h 7 is * — is a >> ] S fc tt £ ft P C R if *s ^ J: (9 ^ / A D 
NA^^^^hS ( 0II A. , Sambrook, Ausube l ; Spe i cher 
(1993) Hum. M o 1 . Genet. 2:1907 — 1 9 1 4 ^#1) c 

% b ft Z ®r ft \± , ?iSt5i:jKJ200-40 OfiSEJllffcS ( 0U ;t :£ % ~ $/ ^ h 7 

>- u - 3 y J: 19 i^tf yt«IShfe»y / adna*4 o 0-2 0 0 oj^Sco-^ 

^©l/ffcitftio He i skanen (2000) Cancer Res. 60 
: 7 9 9 - 8 0 2fe#I) . gf^cog^li, = y ^ F 9 V ^ I/ - 5/ a ygfljl: Js^ T D N 
a s e^DNA^y^y-iftDit^^llpt^I^i^^fioHOo « * 65 = y * h 
7y^u-i/ 3 y^y H4*Sft!: 3 0 0 - 6 0 oas»©»frS;4fi!tt5 ( m pl \t , K 

a 1 loniemi (1994) *tl » S: # flg ) c 
[0 0 6 6 ] 

aaft»8S:2 0 0 *SKT (» 2 5 - 3 0 S»a«o/hSS) y H:S &{:Bf 

ft -t £ fz & IZ . KiiiDXAxy K^^l/t7»t\ fi'^ifDNa s e ( m X. t£ H e r 
rera (1994) J. Mol. Biol. 236:405-411 ;Suck 
( 1994) J. Mol. Recognit. 7 : 6 5 — 7 0 £r # HB ) v £ f- - *g 
HEas>K^^l/7-?Cv i J I (Ki,';, Fitzgerald (1 9 9 2) N 
ucleic Acids Res. 2 0:3 7 5 3 - 3 7 6 2 ^#S) j; ^iift7 
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a h a - ,v ( M * t£ . <K ffi ft It * # 5 £ fc II fl£ 4 U> S a m b r o o k , A u 

s u b e 1 S: # fig ) ?:ffl^TDXA(7)7 y^'AilSift^ft 5 c 
[ 0 0 6 7] 

^MDXA!:i)fftt5f:i5::, 05 A. tf , *& ft 55 Br , * ffi & S (WiSDe i n i 
n g e r (1983) Anal. Biochem. 1 2 9:2 1 6 - 2 2 3 {:#§) 
ft? (HiliS amb rook, A u s u b e 1 , Tijssen$r#fifl) <0 ffi ^ J® 
fc ft ffl T* # 5 c W *. , los>ffl«ttft«M:, DNAfyy/u^^D y^^y/T'/h^^ 
7v i3 3& 31 il b ^ ^ £ C S > h • ?s ^ V (p o i n t-s i nk) %t & 2) iZ m -3 

< ( ffl 7L if , Thorstenson (1998) Genome Res. 8:848 
- 8 5 5 ?;#g(0:i:) c 5f:, Oe f n e r (1996) Nucleic Acid 
s Res. 24:3879-3886;Ordahl (1976) Nucleic 
Ac i ds Re s. 3 : 2 9 8 5 - 2 9 9 9 t#l(0:i p i jt ^ f X ! j: , 09 XL If , 

e°7 y - ^ IM^i!)l:^l^tlWt^X^^V^ (s i ze-s i ev ing) # y - 
»*tfflV^tDNA«^{k*:»fft5 S i 1 es (1997) J. Chroma tog 
r • A. 771:319-329 I;: ±*t><D©J;5 ft 5^ ^^(sizing)ttftl 

Sc Bb . Sr^tpfil^ftatS^iOfPffiT^So Brfr^f -YXii, h 5 y ^7j«i/ 

-fK»/^t>ft»ffSBBfl»tfiaoTt,ft^-ef s chi u (20 

00) Nucleic Acids Res. 2 8 : E 3 1 ^r) 0 

[ 0 0 6 8 ] 

^■ir-Sr*tr*«fe*3J:Vjffij*ttS:»tt-rs 0 « *. tf , — * * « « T tt , fit tt ft: #J 14 > ^ 
#yh^*ft:^ft*fctt^(E>s?ffift, 09 x if , 2-^;^y h-xf /i^r^y, ^ ^ _ /U 
N-T-ir^yUix^^-r ^ , *■ — yP , 4-^^^^h-Y^^y r -/U3tirs r ^^^§ o 

r ^ = ^ tr v « ( if ^ ^ >- c ) t> b < 14 h =i 7 i p - )v { \? # %. >- e ) ft ? <d tf * s v $ 

. ^tin^vmffiVoh&mx'ZZo b = 7 ^ o - yu ?4 , m n . a — d — h ^ ^ 

^ a — a— DL — h ^ 7 x o - /U , a — D — HE^h^^^n — yU , a — D L — h 

=i 7 ;c n — yl^ Sfcllo-D-3/N^8h37xa - yU (tocophero 1 a c i 
d succ i na t e) ft£©afc*«J»teJ:tf«S»flB**tf;iirtS-C#5 ( 09 x_ if . 
*S#f^m6, 048, 8 9 1 * ; W£ 6 , 048, 9 8 8 ^ ; ^)I 6, 05 6, 897 
-©■«:#!&) o gij O * 1ft « JB T J4 , fit BMfc 30 14 , n - fft * =f- SSt 7 n tf /u ft if <D » * -7- ^ n 
fcf , * 14 CO « ft £ * tf . 0 # n ^ ^ fc b < 14 -t ^ * ffi ft , S {4 :/ ^ yu t K n * 
h yu 3i ^ (BHT) , ^ ft, t K n > r =■ y - yu (BHA) % feb<tt-tO*fliftt> 

[0 0 6 9 ] 

v ^ ^v^^y ^ vmm^i, ^tzmm^t^^^m-t ^> z t ^mm ^ tix ^> 0 09 *if 
* 7 ? b ? = » ><Dm&&Mm<Difcmfc&&&&m-r & x&ftvtm s , 8 04, 555-^- 

£r # fig <D r. £ 0 2-^yv-^^ h >T ^^y ? -yu^^l4 4- >yi/^^ 3 h t^^^^pzg^^^ 
fcft»ft}SttSr#t5r tiSEttSnTV^i. MtS, * Jx * BB « W MS 6 , 0 5 6, 
9 6 5-g-*5j:t5*lI»fF»4 l 8 9 8, 8 7 8 ^ S: # i ^ I t e -SC^Sftt Kn^^;u 
T^^i4, K^*^7 y - 7 v^^^Srffig (scaveng ing) i-^fc^ir^-fflT^fc 
^5c M ^1 If s *H#f^F^5, 98 1, 5 4 8 ^ ?r # S (O : > 0 7 7 ^ /H:' y g 6 - /v^; 
x - h , Kpy^S^f:i5igftSjUtES^tl^o 0U ^ If , * S «r WF ^ 5 , 

637, 3 1 5 *l:#io:k 0 ^Sttff« 5, 162, 3 6 6 -g- t> # ffi ^ C 0 
[0 0 7 0 ] 

CGHj3ii?7i^>f ::ttish5/N^yj ^ -if - > 3 >- ss i a »■ » ffi ,»4 % ig^^t- 

i v feT'fc^ 0 Si If . Cheung ( 1999 ) Nature Genetics Su 
P P ■ 2 1 : 1 5-1 9 £r # fig ; ifS^^^tft^^^fig^^i:. 

ft«^SS:^ ( W i If , /N^y y ^^ir-y a yttlta^SSiS^a^ ; 

J .t Z> b 'S6*^5. rl .« % ( K i If C y 5 T I ©DS, y V ? s M - > 3 >- 33 
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» fil T? » * ^^yiiy^if'-yay, Sfe #> S ft !4 © « tt * in Bt ft 3! <E> ffi 14 , 08 *. £ , 

8 2 5 m M — 8 1 M , ^50 m M ~ & 7 5 0 m M „ 850 m M ~~ 8 5 0 0 m M , ft 
h X? \Z 8 1 0 0 m M - 8 5 0 0 ra M <D £g ft T & '0 % 5 0 l^l, fco^^S^^iSScT) 
St E£ ft JE S ft 14 ^ y -7 y*^^*^^^-r-«r#*i8«rjlK-*-SfcA:zaffl T* # £ e 

[0 0 7 1 ] 

i§ *n <z> * a 4 m E£ ft m & i y y - 9 ^ # ^ !4 S S ft jfe t * 5 . #J fl > » 30 H 3e <o * 

H J* J£ ( P r e f o r rn u 1 a t i on) MS ^ *3 5t 5 St ft -ft 3K ^) iS » ^ ^ y — ~ Is (O ?L 

fe^fS*4*jS6^H38^S,0 , Jx.tfUgwu (1999) PDA J. Pharm. S 

ci. Techno 1 . 5 3 : 2 5 2 - 2 5 9 !: Ef * il t 5 o SiSft»]^#ST*3 10 

;t.'4, Methods Enzymol. 1 9 9 0;1 8 6:1 - 7 6 6; *IS^i6 

, 031, 0 0 8 ft)#S(o:i e 

[ 0 0 7 2 ] 

# * §B 14 , ^i/^fj , r ^ ^ n r u j , r d n a t u j x rasri/>f j 

r ^W*f GeneChi ps (a»ffi«), Affymetrix 

Santa Clara, C A ) <D & & g ^ ^ ^ ffi * tl « f 5 • * * 93 <0 7 U 4 (4 % 

^ 4 zf y ^ >f if — 3 yfeit;a*Kl6^HolBftte±tffflaSrlW»t5fcft w = 20 
[ 0 0 7 3 ] 

ft£*tft}5r^£>flr<D 1 0«±<£ig[»#^*ftl4:/n — ^^^ix^n^tPlSm^^^^- Ut< 
> V -C fe § o B * ft « Bfc tt * ( 011 ;t 14 , cDNAv^^^y — HT 

) stttse* ( m *- . y/A^y7!)-) ^ h m ft s m & & r t # -c # , 09 * «: 

, fefeftc7)|lH6<3i:^ft t t< Ij:- SB , S ft. 14 t h y / A t^tr-y / jSRWt^** 

ffi ^ m ^ ^ * > h 14 , #flaiayij<cifs:$*»a 0 r u ^ ^ « & ^ u > > h t4 , a 

« » E ?!K *fc«4*ftsftS^j:V/t>b<!4E^JOttlfc^a^ttfe$*»S 0 o X , 

09 *. !i * Iftx i/y y h jj; 1 ^ t e -«J:(ODNA^ □-yiJt^tA,T\ *t *L fc> = fcT 

ft $ *i ft ^ % (7) * S *3 J: o ; % $1 ft 14 , *8H!:ioTU-C!ii^, T u t4 . S ffi « ® 
( M i , ^ hut;up-^, ^f7^, ^E^, SiyD ^ 7 ^ ^ y ^ * if ) 

!>*;u^7 y h 7i--AS:EfttS*E#ff» 6 , 0 6 3, 3 3 8 f ^ 
o — SB ^> HJS m ffi T? (4 , * 38 K (75 * ffi 14 , 09 ^ !i , 3fc @ # fF S 6 , 0 4 5, 9 9 6 ^;^ 
S?6, 022, 9 6 3 ; mm 6 , 013, 440^;fH3^5, 959, 0 9 8 ; N 
5, 856, 1 7 4 f ; FjI 5, 770, 4 5 6 ; ^ ^ 5 , 556, 7 5 2 § ; 1^15 40 
, 1 4 3, 8 5 4^lr|S!gc$n^<J:9lw, »»©7 U>f ±t?*tt-?* 5. ^i^:4*. WO 
99/51773 ;WO 99/09217; WO 97/46313 ;WO 96/17 
9 5 8 t ; Wili, Johnston (1998) Curr. Biol. 

8:R17l-R174;Schummer (1997) Biotechniques 

23:1087-1092;Kern (1997) Biotechniques 23 
:120-124;Solinas-Toldo (1997) Genes, Chro 
mosomes and Cancer 20:399 — 407; Bowt el 1 (199 
9) Nature Genetics Supp. 21:25 — 32; Epstein 

(2000) Current Opinion in Biotech. 11:36—4 
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[ 0 0 7 4 ] 

!w^tt»ia*s*«r^tp. *s*ir?a**«:»«t5. ffl»**Lfc»*<oa**5 1 ttfia 
ft :s . ^ ^ y y t # - 3 y ^ f ^ ^ w p H i, — je t- t <t v * t , s ^ a w ir. se ^ § * 

TtiVN. «<bttS«ttftajfl2Tt>, ft*i:«ftT'fcoTt>i^. ft»»*3»*»ffl-c:4 
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NOVEL COMPOSITIONS AND METHODS FOR 
ARRAY-BASED NUCLEIC ACID 
HYBRIDIZATION 

STATEMENT AS TO FEDERALLY SPONSORED RESEARCH 

Thi3 iirverikrn v."zs rr^rlz with Go vernm ent support nrtder a grant from 
NiiiozniJ Institutes of Health, No. R2L CA832] J. The Government may have certain 
rights La this invention. 

S TECHNICAL HELD 

This inverJion relates to molecular biology, genetic diagnostics end 
nucleic acid array, or "biochip" technology. In particilar, the invention provides 
novel methods and coroposirioiw for array-based aocicic acid hybridizations. 

BACKGROUND 

10 GoKHxtc DNA microaany based comparative genomic hybridization 

•(CGH) has the potential to solve many of the limitations of tradttioral COil method, 
ivbicb. relies on comparative hybridization on individiia] rustaphose chromosomes. In 
mctaphasc CCHi. muib-mcgabase nagmenis of different samples of genomic DNA 
(e.g., known normal versus test, cl&-, a possible tumor) arc labeled and hybridized to a 

ie fixed chromosome (see, eg., Breen (1999) 3. Med. Genetics 36:5 1 1-5 1 7; Rice (2030) 
Pediatric Hemaxoh Oncol- 17:141-147), Signal differences, between known and test 
samples are detected and measured. In this way, missing, amplified, or unique 
sequences in the test sample, as compared to ''normal," can bo detected by the 
fluorescence ratio of normal control to test genomic UNA. fa ounaphase CGH, the 

20 target sites (on the fixed chromos ome ) arc- saturated by an excess amount of soluble, 
labeled genomic DNA. 

In contrast to mctaphase CGH, where the immobilized genomic UNA 
is a metaphasc spread, in army-based CGH method the immobilized nucleic acids oro 
arranged as an array, on. eg., a bzodiip or a microarray platlbaa. Another dirrercoce 

26 is thntrn nrmy-based CGH the inunobilized gcaamu: DNA is in molar excess n3 
compared lo (he copy mzmber of labeled (test and control) genomic nucleic acid. 
Under such corjdilions, suppression of repetitive genomic sequences and cross 
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hybridization on the immobilized DMA is very helpful far reliable dctcdicn and 
eca rit-TBti an of copy cumber cUfTsreccetj criwea nanus! eoxcrol end tea sa mp te. 
Ko«.-cvcr, cben nxnifronil protocols arc osed sucj suppression is tra? than cjnimal. 
7 vrthemiort, genomic DN A is a promiscuous mix ormiftinirs mam ihoii 30% 
6 repetitive sequences and a fcrthsr orimov/n proportion of closely relied ssouatces. 
These ccqucncca ca exoss-hyrbodize who. trecltional protocols are used to prepare 
test and sample DMA for bytrndisadon to the actay. 

~" SUMMARY 

The tnvecTicn provides a raefhod for gerxrathig a molecular profile of 

10 genomic DNA by hybridization, of a genomis ON A target to an immobilized nucleic 
acid probe^ comprising the following steps: (a) providing a plurality uf nucleic ccid 
probes com prising a phrxalrty of immobilized nucleic acid segments; (p) providing o 
sample of target cuelcio ecld comprising fragments of genomic nucleic acid labeled 
wim a detectable moiety, wherein each labeled fragment consists of a length. gm-rH rr 

16 tbua about 200 bases; end (u> contacting the genomic nucleic- acid of step (b) with 
the immobiliacd probes of step (o) onder cnncHtions rdk>wirts hybrid'Kcrionof the 
target nucleic acid to the probe nucleic acid. 

In alternative embodiments, each labeled fjngmcrrl consists of a length 
oc more than about 175 bases; 1 SO bases; about 1 25 bases; about 100 bases; about 75 

20 bases; about 50 basts; about 40 bases; about 30 bases; and nbout 25 bases. In tanrther 
cmbodi m ent, each labeled fragment consists of a Length between about 25 to about 30 
bases and about 100 bases. These samples of target genomic nucleic acid can 
prepared usmg a procedure comprising random priming, nick tnrnsintion or 
amplification of a sample of genomic nucleic acid to generate segments of target 

25 genomic nucleic acid followed by a step comprising fragmentation or enzymatic 
digestion of the segments to gene r a t e a uampie of target genomic nucleic acid 
consisting of sizes smaller thai) about 200 bases. In o2ur embodiments, (he sample of 
target, genomic nucleic acid Li further prepared, e.g„ rragmemed, using procedures 
comprising mechanical fragmentation, e.g., sheeting, or, enzymatic digestion, eg., 

ao DXase enzyme, or equivalent, digestion, of o genoroic mxlck acid (including the 

labeled nucleic acid generated by nick translation, random priming or amplification) 
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wo o i w«o pc-nrraimaw 

to sizes smaller than about 20U bases, cr, smaUcr then fctfmama of about 175 bases; 
about 15C bases; about 125 baser; about 100 tarus; about 75 bases; about 50 fcsssj; 
Bbciri 40 bases; about 30 bx'cs; cr dxret Z5 bases- In another embodiment, lbs 
sample of Target genomic nucleic acid (including mo labeled tcrgei oncicio acid 
6 generated by rctk trensbtian, rmdem. priming or Enmlifiearien) is prepared udu.2 a 
proccdmc comprising fragmentarioa of a. geanmio DNA to sizes smaller than about 
230 bases by applying oacaring forccu sufficient to fragment genomic DNA followed 
by DNase or equivalent enzyme digestion of the sheered DNA to sites smaller rimn 
atoot 200 bases, or, smelter than fragments of about 150 bases; about 1 25 bases; 
"0 atunt 100 bases; about 73 bases; about 50 bases; about 40 bases; about 30 buses; or 
about 25 bases. 

In this method, the conditions allowing hybridization of the target 
nucleic acid to tho probe nucleic acid can comprise stringent hybridization conditions, 
or, alternatively, can also comprise stringent wash condiaona. In alternative 

15 embodiments the stringent bybrldixaiion conditions can comprise a temperature of 
about 55"C to about 60*C to about 6S a C. hi other embodiments, the temperature of 
hybridization in changed at least once (or, many rimes) during the hybridization step. 
Also as described, below, the amount of humidity (i.e.. water vapor) under which 
hybridization is performed can be modified at least once, or several times, during the 

20 hybridization step. The changes in rcmpcrairae and/or humidity can be stepwise, or, 
gradual. The chaoses cm continue throughout the hybridization procedure, oi, any 
pen of the hybridization step. 

In one embodiment, the random priming, niok translation or 
amp lineal kjn (using, e-g.» degenerate primers) of the sample of genomic nucleic acid 

25 is used to .geoerate scgrrcntg of target genomic nucleic acid that incorporate 

detectnbry labeled base pairs into (ha segments. Alternatively, the incorporated base 
pairs can be modified or synthetic analog base pairs to allow attachment of detectable 
moieties to the base pairs. In one embodiment, die detectable label compriies a 
fiuoiesecot dye, suab as Cy3 lM or Cy5™, or eqiovakiit, a tbedsminc, a tinorescran or 

30 an uiyl-substitulcd 4,4~difluorc-4-bora-3a, 4a^iaza^irtdacene dye or equivalents. 

In one einbocmicm, the target nucleic add consists essentially of DNA 
derived from a human. The sample of target genomic nucleic ceid can comprise 
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sequences reasoning q deSned fragment of aciutsntoacme nr suhstwtfiafly one or 
more entire chromosomes. Tha sample of target genomic nucleic ccid ecu comprise 
sequences- representing substantially cn crtiite genome In ea alternative ernbodiinenl, 
the DMA from which the target or the probe micieic acid is derived lroin a mammal, 
9 sach qs a mouse or a hirr^n genome. 

The mveriicnj dso provides a composition comprising a sample of 
target nucleic aoid comprrsing fragments of genomic nucleic arid labeled with at least 
one detectable moiety, wherein each labeled fragment consists of a length smaller 
than fib out 200 bases, and the sampls of labeled target genomic nucleic acid 

ic comprises sequences representing substantially a complete chromosome* ax, 

substantially a complete genome In alternative embodimenhj. the target genomic 
nucleic acid is smaller than about 175 oases, about 150 bases; about 125 bases; about 
100 bases; about 75 bases; about 50 bases; about 40 bares: about 30 bases; or about 
25 bases, lo ono<be/ embodiment, each labeled fragment consists of a length between 

16 about. 30 bases and abort 1 50 bases. In one embodiment, the target nucleic acid of rhe 
composition coma sib essentially of UNA derived lrom a human The sample of target 
genomic nucleic acid can comprise sequences representing o defined fragment of a 
chromosome or substantially one or more entire chxomosouiea. The sample of target 
genomic nucleic acid can comprise sequences representing substantially an entire 

20 genome. 3 nan alternative embodiment the genome comprises a mammalian genome, 
such as a mouse or a human genome. In alternative embodiments, the composition 
can comprise any detectable label, e.g., it can comprises Cy3 TX ox CyS T **. 

The invention also provides kits comprising a sample of target nucleic 
acid and primed matter, wherein the target nucleic acid comprises fragments of 

2S genomic micleio acid labeled with a detectable moiety, wherein each labeled fragment 
coasiits of ii length smaller than about 200 bases and the sample of labeled target 
genomic nucleic acid comprises sequences tepresentmg * defined pan of cr 
.substantially an entire chromosome or genome; wherein the printed matter comprises 
instructions on hybridizing the sample of target nucleic acid to a nucleic acid array. 

30 In aheroative embodiments, the kits* target genomic nucleic acid is smaller than about 
1 75 bases, about 3 50 bases; about 125 bases; obout 100 bases; about 75 bases; about 
SO bases; about 40 bases; about 30 bases; or about 25 bases. In an artzmanvt 
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embodiment, the genomic DNA fiarn which the Lsr^ni or the probe is derived 
ocmprises a mammalinn comma, such es a casus: ore human £anemc 

The mvecicn provides o method for bybTidrjans a sample of labeled 
nucleic odd Targets to a plurality of nucleic ocid probes, comprise the following 
6 steps: (o) providing a sample of nucleic add tarpcts ccntpricms flnsrescerrt-ibcled 
nucleic ocid fraamcjus cad a plurality of nucleic tarid probes, wherein the fluorescent 
label b Ennsrtiw to oxidcuort; (b) cornering the nucleic acid target and nucleic acid 
probe of fiep (a) under coodiuo^s allowing hybridization of the sample with the 
probe, wherein tho hybridization eraditicms comprise us© of a hybridization Eorotioa 
ic comprising at least one annoxkiait, wherein the amount of antioxidant in the solution 
is sufficient to inhibit ihs oxidation of the fluorescent label under the hybridization 
conditions. In one embodiment the fluorescent label comprises CyS" 153 or equivalent 
In alternative embodiment the- flcciKcem dyo cemprisas n rhodamiDC, a fluorescein 
or on aryl-suhsSniied 4,4-di£uoro-4-bcra-3a, 4a-diaza-34ndacene dye or equivalents. 
15 The invention also provides a method £er bybiitixzhiQ a sample of 

Cy?TK-iobete<i nucleic acid targets to a plurality of nucleic acid probes, comprising 
the following steps; (a) providing a sample of nucleic acid targets comprising 
CySTM-labeled nucleic acid fragments and a plurality of nucleic acid probes; (b) 
contacting the nucleic acid target and nucleic acid probe of step (a) under conditions 
20 alio wing hybridiznuca of the sample with the probe, wherein, the hybridization 
conditions comprisa use of a hybridization solution comprising ai least one 
anti oxid a n t, wfaercrn the arc cunt of antioxidant m the solution is sufficient to inhibit 
the oxidation of the CyS™ under the liytririirauori conditions. The inveoiioa also 
provides a wash solution comprising a Cy5™- labeled nucleic acid coinp rising at least 
25 ofic antioxidant, wherein (he smmml of antioxidant in Ihe soluiiun is sufficient to 
rnbihit (he oxidation of the CvS*» under the hybridization conditions. 

Tha invention provides a composition comprising a sample of Cy5™- 
labaled nucleic acid in a snluuoii comprising at least one antioxidant 

The invention also ptwides a kit comprising o sample of Quorcsceot- 
30 labeled nucleic acid in a solution comprising at least one antioxidant and printed 

matter, wherein the printed jtoUm- comprises instructions on using the labeled nucleio 
acid in a hybridization reaction with another nucleic acid. In alternative 
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embcdiffi£at3, &e fluorescent dye comprises a rtodnaime, a fWescniii or en ary\~ 
Eubsritutcd 4,4HhTiTsiio-4-boD>33. 4a-diaza-s^adaocDe dyo or equivalerrta. The 
iirvcorion also provide* a idt comprising a sample of Cy^-lobeled nucleic acid ia a 
solution comprising at Isast coo uitiaxldnut and primed marter, wherein lac printed 
5 matter comprises instmOlcrs oa using ths Cyi™-tib:;:cd n ucl eic acid in a. 

bybridizctian reaction wrib another nucleic &U± The lots can farther com P ris3 3 
wash fiohnicm, mounding a wash soiLtica comprisme at least one enrioxtdant. 

In alternative embedanents, the timioxidam is present in solution, c-g.- 
in a hybridization, wash cod/or other solution, el a oonctnrticrtkm of cbout 25 mM to 

10 tboul 1 M, eboul 50 mM to about 750 mM, about 50 mM to about 500 mM, and 
about 100 roM to about 500 mM. 

hi these compositions end methods, in alternative embodiments, the 
antioxidant cam prises a mrrcapi o^ontainirt^ compound, or equivalent, each mu2- 
mcro^Eo-ctjTyiaraina; a thiol N-aoetyicystcine, anovothiol, a 4-mwcaptaiinidazole. 

15 la another embodhoenl, the iiati oxidant comprises an antioxidant vrtamia-ccniaiaing 
compound, such as an ascorbic acid (Vitamin C) or a tocopherol (Vitamin E) , or 
equivalent. In another embodiment, the antioxidant comprises a propyl gallate, such 
as an n-propyj ga ll&tc, or equivalent In another embodiment, thz. antioxidant 
comprises a beta-carotene, or equivalent. In another embodiment, the antioxidant 

20 comnri scs a butyiated hydroirytoluciie (BHT) or □ butylctcd hydroxyanisole (BHA), 
or equivalent. 

The uTvention provides a method for hybridizing a sample of nucleic 
acid targets to a plurality orimutiobthied nucleic acid probes, comprising the 
following seeps: (a) providing a sample of nucleic acid targets and e plurality of 

2fi immobilized nucleic acid probes; (b) contacting the nucleic acid fen-get and nucleic 
acid probe of step (a) under conditions allowing hybridization of the sample with the 
probe, wherein the hybridization conditions comprise a controlled hybridization 
environment comprising aa unsaturated humidity crrvironmeaL In alternative 
embodiments* the unsaturated humidity environment is controlled to about 90% 

33 hmuidity, about S0% humidity, about 70% humidity, about 60% humidity, about 50% 
humidity, about 40% humdity, about 30%hunncity, and about 20% humidity. 
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In ons excbodigir.nl, the humidity of the controlled ecvircnm;nt h 
periodically changed during the hybridisation of step (h). The change can be step- 
wise, ox can be gradual. The humidity can be changed any number of times for cay 
length of urns, lo alternative embodiments, the iromidity is periodically changed at 
s about three how interwds. al about two hour imervals. at about ono hour intervals, at 
ebtmi 30 minute intervals, zt about 1 5 rniruic j nervals or at about 5 minute busrvala, 
or a combination thereof. 

In one entborfirnsst. the hybridization conditions compriso a controlled 
temperature environment The humidity of the controlled environment can be 

to periodically changed during the hyhridizahoii of step (b). The change can be step- 
wise, ox can be gradual. The temperature con be changed any number of times tor any 
length of time. In ahercstive embodiments, the tempt man c Is periodically dunged at 
about three hour inicrvols, at cbcrat two hour Inter vols, m about ooc hour intervals, at 
ahotu 30 minute intervnls, at about 1 5 minute imervals or a: about 5 minute Intervals, 

15 or a combination thereof 

The invention provides a composite n ccmrmsing an array of 
immobilized nucleic acids id a bousing, wherein the housing comprises a component 
to measure and control Ibe humidity in tbe housing. In one embodiment, Oie housing 
iurfher comprises a component to measure and control the temperature in the housing. 

20 The housing can further comprise a component that allows programmable or preset 
control of the humidity and me temperature. 

The invention provides zm «nay af immobilized probe nucleic acids in 
a humidity -controlled housing, wherein the housing comprises a means to control the 
amount of humidity in the housing during hybridizaiion of the probes to a target in an 

25 aqueous hybridization solution. 

The invention provides an array of immobilized probe nucleic acids in 
a humidity-controlled housing wherein the housing txrmpriaea a humidifier 
component dun osa control tbe amount of buaudity in ths bousing during contact of 
the probes to an aqueous hybridization solution. 

so Tiie inventimi provides a kit comprisine as array of immobilized 

pucleic acids in a housing and printed matter, vrfjeoun (be hmisiog comprises a 
component to control the amount of humidity id tbe housing, a component to control 
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the ternpei^ruro m ll« housing, and a component to preset or program control of the 
mimidiiy and the lempsrcnire, end the pitted namr comprfs£3 insrrnntion3 for 
preserrins ci prcgrKtsmaig cenditiortt in Lbs noosing ta fcy&rizizz a target to the 
immobilized nucleic acids of the array under controlled hybridization conditions that 
5 compris: tluctuadon of humidity and temperature during c nncJein acid hybridization 
step. 

The details of one or mere embodiments of ihc invention Ere set forth, 
in tba cctompanying drawings raid the description below. Other features, objects, and 
advantages of the invention will be apparent from the de#arip£on and drawings, and 
10 froxo the clajma. 

AU pabUcarioaSj patients, patent applications. GenBcnk sequences and 
ATCC deposits cited herein am hereby expressly incorporated by reference for ail 
purposes. 

DESCRIPTION OF DRAWINGS 
1 5 F>gorc 1 is a sc hematic drawing of S^iauw-pTopurcyi-2* - 

dcoxycyUdiiic 5 '-triphosphate coupled to Cy5™ or Cy3™, as described in d=nad, 
baiow. 

Figure 2 is a uchemsuic drawing of an unbalanced humidity 
hybridization format, as described in detail in Example 1, below 
ZQ like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

The invention provides novel methods and compositions for axxay- 
based nucleic acid hybridizations. New methods end composition* era provided for 
gcjiBratlrjg a molecular profile of genomic DNA by hybridization of a target nucleic 
35 acid derived from genomic DNA to on unmobiiized nucleic acid probe, e.g., as in en 
■"array-based ararpararive genomic hybridization (COH)." 

In one embodiment, the invention provides a method for generating a 
•molecular profile of one or more genomes, or a defined portion of a genome, e.g., a 
chrornoeotnc or part of a chromosome, by hybridization of target nucleic acid derived 
so from genomic UNA to an immobilized nucleic acid probers), ag., in die fbxm of an 
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array. The method comprises crjEtaaxng the iinnobilixsed nnrielc acid segment (eg., 
clcncd DNA) wiib a sample oftnget miciric zeid ccjcprjaag fragments of genamir 
mrclric Ecid. Ubdcd with a d electable molery . Each, labeled frogmen; cxmsi sis of a 
length smaller than abo-al 200 bases. Use of Icbclcd genomic DNA limited m this 
6 sma£ aza sagnificanlly improve the resoltsion of tba molacaLa' profile cs=ly.-ij, e-g., 
in array-based CGH. Per example, uso of such email fragmccts Qllowa for agniacunl 
suppression of repctfjvc sequences mid other unwanted, "b ackaro and" crnss- 
hybridizatifln on the immobilized nuolcio odd. Suppression of repetitive sequence 
hybridizab'un greatly increases the reliability of the defection of copy number 

10 differeacca (e.g.. taiplificttticns C r deletions) ox detection of unique sequences. 

Labeled genomic DNA is u promiEcuous mix ccntoining more than 
305ft repetitive sequences and aa unknown proportioji of closely related sequences. 
Traditional prcmccls, partccu tnriy CGH methodologies, use significantly longer 
labeled genomic fragments (han die fragments of tbo compositions and methods of die 

is invention {fragments less ihnu about 200 bases) to hyb ridize with immobilized 

genomic DNA, e.g., fixed metaphase chicmcscmcs ormxteac acid arrays. These 
longer sequences cause a significant amount of unwanted era ss-hybr i dizalion with 
repetitive and clocciy related scquencea. In prEcucing the methods of the invention by 
using labeled target genomic nucleic acid smaller than about 200 bases effectively 

2d significantly reduces the amount of repetitive sequence hyhridizaiion and cross- 
hybridization from close fy related sequences seen when troditional protocol s arc used. 
The resohiurm can also be sigrancarUly greater. 

WhiJo the mwmtiou is not limited by any particular mechanism of 
action, the superior effectiveoess of the methods of tic mveahon may be because 

25 DNA probes fragmented to a smaller size (i.e., less man about 200 residues) have a 
lower possibility of partially hybridizirig to closely related sequences under moderate 
or stringed hybridization conditions, eg., the conditions typically used in array-based 
CGH. Wheo the target sequence is sufficiently Email, particularly under stringent 
hybridization conditions, only a perfectly matched sequence will hybridize at a 

so specific hybridization temnemtnre. For instance, in one exemplary scenario, two 200 
boso DNA molecules term o duplex molecule at 6"5°C by pairing 1 00 bases; two 100 
base single stranded dangling ends remain. These "dangling" single stranded ends 
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can furiosi hybridize to ctktr DNA malccales, Hdv.tt.-cx_, £3 ihe size of cm cr both of 
(h& molecules he comas less than 200 basas (with the h>-tiidizin^ segment ranajuiEg 
1 00 basesX the sizs cfthe "cangling cnd(s)" decreases and the probability that the 
nra-hybrldizcd ends will further hyhridizo to cnotter fegrneni ofDKA (respiting in 
5 "csojegadng hybridfealim?') pxopsrticrdly deader. IaEiicro£nay 

hybridization, such, aa array-based COH, this '^ggrcgaa'co hybrici73tiGn" not only 
makes the hybridization less quantitative but also causes high background. 
Accordingly, (be wunpositioiu and methods of <he invention provide fragmented 
DNA probes to & size range of less than about 100 bases, eg., between about 25 to 

10 about 30 to about 150 bases, or, aboat 50 to about 100 bases, hi one embodiment, 
fogmcnls of labeled nucleic ncid derived from genomic DNA are first prepared by 
random priming, nick translation, amplification, or crnnvaleuts; followed by 
Segmentation to less than about 200 bases, ss low as abmn.25 to about 30 hoses; 
random priming, ruck translation or amplification with degenerate primers typically 

15 generate labeled fragments ranging ia size from about 200 to about 500 bases. Sheer 
forces can be used to fragment this labeled nuclei t acid; however, with shearing n ia 
very difficult to fragment DNA to a size smaller than 200 bases. Accordingly, 
additional tsebniques, e*g, enzyme digestion, eg., by DNase, or equivalent, is used to 
generate the smaller labeled pieces used as targets in the methods and compos mo na of 

20 the invention. 

In addition to controlling the of labeled genomic nucleic acid used 
to hybridize with the immobibzed anny UNA, the invention also provides 
compositions and methods for incx easing the stability of oucleio acid-label conjugates 
that are sensitive to oxidation in solution, particularly, in hybridization solutions. 

?s T-abels that are sensitive to oxidants, including free radicals, include many fluorescent 
dyes, particularly, CyS**. Oxidation of the flu orescent dye quenches its ability to 
t mnsn rita detectable signal: thus the jpresance of compositions or conditions that cm 
OKicizis a dye can significantly adversely effect the resulo? of a hybndizntjon reaction. 
This is particuJarl)' important if hybridization signals are to be detected end analysed 

30 quantitatively. Accordingly, use of antimddants and free-radical formation inhibrars 
in the compositions end methods of the invention can significantly mcreasr the level 
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of detectable signal from, e.g., a frit ax; whia very low or Email emounta of Cuor need 
.to be detected, prctectou of even small ajnociUs of finer ccn be rigtuficaxu. 

Ona errant rjoindigm of oorrpamive bybridizdioa (CCH) is to oa- 
ths fluorescent dyes Cy3™ cod CyS™ to differentially label muJeic ecid fragments 
5 tram two samples, e.3 , nuclcio sridjjcHirated fixjni a coastd versus a test cell or 

tissue. Because of their superior apectml property and stability* Cy3™ and Cy5™ are- 
almost exclusively used in current, coarparative hycridi2£rjon protocols, fidany 
ccmrnerdil msmrmsnts are designed to sneenrarxdarg to detection of these tw o dyes. 

Hewevsr, CyS™ is not stebb in most cmrcndy used hybridization 

id solutions. Before this invention, lass of Cy5 rtd signal in the labeling reactions was 

mistakenly ottobuted to a low CyS^ incorporatioa rate; ujecxporaiion of Cy5™-base 
eoujugatea icto o nuaieie acid fragment TypicoJy geaeiated by primer extension of 
genomic DNA. samples. While the invention is not limited by any particular 
mechanism of action, die present inventors found that the inslobility of Cy5™ at 

15 .elevated temperature (e.g., at temperatures used for array- based CGH hybridization 
and otter stringent bybxuiizaiioa procedures) is due to o long unsaturated carbon 
chain in its nmlemu^ backbone that is susceptible to radical arrack. To increase the 
stability cf Cy5™, or fl tiers or other oxidauoo-scrcidvc compounds, the invention 
provides methods and compositions thai mcorporate antioxidants and tree radical 

20 scavengers in the hybridization mix. and, m one embodiaicrn t the hybridization end 
the wash solutions. Using the methods and compositions of the invention, CyS™ 
signals are dramatically increased and longer hybridization times are possible. 

To further increana the hyhridiaaiion scnahivily, the invenrinn provides 
novel hybridization formats, or methodologies, hi one onbodrinsnl of the invention, 

25 Ore hybrid] /nation is carried out in a controlled, unsaturated humidity envbxirmscil 

(current methodologies/ protocols typically use 1 0054 ox near saTAsratcd bunurhty, see. 
eg., Shalon (1995) Genome Rea. 6:639-6450). In this embodiment of the mvcrUion. 
hybridization efficiency is agjuficacily improved if the humidity is not sataroicd. 

In another ernhotl : mcnt of (be invention, the hybridization efficiency is 

30 further improved i f the humidity is dynamically controlled, if the humidity 
Changes during hybridization. Mass transfer will be facilitated in a dynamically 
balanced humidity environment. The humidity in the hybridization environment can 
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ba arijurjcd stepwise or ccn tt j uiro sly. Alio provided are amy drvicts ccmrmsing 
housings and controls that alios* tbe opctcicr to control the humidity during pic- 
hytnidiz£iion» hybridization, wash and/or detection stages. In ore embodiment the 
device his detection, control and memory components to allow rnTe-progrennmn^ of 
5 the humidity (and temperature (see below), end other parameters) during the- entire 

procedural oycie, including pre-bybridizatica, hybridization, warh and detection stps. 

The novel hybridization mcthod9 of the hrvention also provide 
byfaridi cati on conditions oompridng temperature fluctuation As is seen when the 
h^rniditj' ia coniroDably rdirmged, miss transfer is also facilitated m a dynamically 

to balanced temperature environment. Hybriizetiou has mudi beOcr efficiency in a 

ch^n gins tempflmnjTC environment as compared to conditions where the temperature 
is sel precisely or at relatively constant Jowl (c,g.. pies or rointts a ixrapJc of degrees, 
as with roust eomacruial ovens). While the invention is not limited by any parti ouhrr 
rr-cchstusm of action, the muting caused either by temperetniB cr hrrmidrty fluctuation 

15 mcxeases hybridization efficiency. As noted above, the invention also provides 
dsviccs for carrying out anay-hascd hybridizations under precisely cottrotled 
environmental conditions, including dynamic control of temperature, bumidily and 
other Inctois. Reaction chamber ttcapcratures can be fincaiatingly modified, by, e.g., 
an oven, or other device capable of creating changing temperatures. 

20 The novel hybridization method* of the invention also provide 

hybridization conditions comprising osmotic fluctoatian. Hybridization efficiency 
(ic, tim= to equilibmunD can also be enhanced hy a hyhridizatian enviraument diet 
comprises changing bypexVbypo-tonidty, £.£,.„ d solnte gradient. In one crnbodmient, 
a solute gradient is created in the device. In one exemplary device, a low salt 

25 hybridization solution is placed on one side of the army hybridization chamber end a 
higher silt buffer is placed on the other side to generate a solute gradient in the 
chamber. 
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Unless d:fjied cthsrwica* all technic^] and scieiuirtc leans used h=rem 
have the meanrns commonly understood by a person skill ed in tlx art to which this 
invention belongs. As used hcrcrn, rha following terms have the meanings ascribed to 
5 fticm unless specified osberwiss. 

Ths term "antioxidant" iratudes any compound capable of Inhibiting 
or preventing the oraridan'oa of a Ercrrari cxanpound, such as a Cnorescent dye, end, is 
particular, the fluorocfcronie CyS™ in aacqoeous whrtion. Accordingly, the term 
also includes all compounds which exhibit an anti-fr&c radical protective effect. 

10 Amioadccjita end free radical scavengers arc described in detail, below. A compound 
is considered to be an effective anti-caddant or free-radicaJ tniubtor if It ana coy 
degree of protective effect on I be oxiact ton-sens hive compound during hybridization 
(le., leas Cy5™ fhior oxidized during die course of the hybrid] zttioa procedure). 

The term "cry I -substituted 4,4^difluaro-4-boxB-3a, <a-diaza-s-uidacene 

35 dye" es used herein includes aI7 "boron d-^pyrroinCUtsnc difhwrJde fluorophcre" or 
"BODEPY" dyes and ''dipvTrornetheiieboron difluoride dyes" (etc, eg., U.S. Patent 
No. 4.774,339>, or equivalent, ere a class of fluorescent dyes wmuncnly used to label 
nucleic acids for their detection when used in hybridization reactions; see. e.g., Chen 
(2000) J. Org Cbcm. 65:2900-2306: Chen (2CO0> J. Riocfaenx Bjophye. Methods 

20 42:137-151. See abo 05. Patent Noa. 6,060,324; S.934,063; 5,614,386; 5,248,782; 
5.227,437; 5,187,288. 

The terras "cyaninc 5" or "CyS""*" and t *cyaniae 3" or u Cy3 7x ^' ttfee to 
fdjoresoent cyaniue dyes produced by Amarsfcaro PharrncciG Biotech (Pbcataway, NJ) 
(Aiccrsham J^fe Sciences. Arlington Heights, H<), as described in octal], bekw, ox 

25 eqaivaleats. See U.S. PateatNos. 6,027,700; 5,714,386; 5,263,486; 5,151,507; 

5,047,515. These dyes are typically incorporated into nucleic acids in the form of 5- 
ainirx>-prODarcjyI-2 , -dco3tycytidiae ^-triphosphate coupled to CyS 1 " or Cy3 T * . See 
Figure I. 

The term "fliioresceal dye'' as used herein includes all known floors, 
30 including rhodaniins dyea (e.g., te tnmcefr.y Lchodaminc, dtbenzorhodarnirie, see, e.£., 
TJ.S. Potent No. 6,05 1 ,719); fluorescein dyes; "BQDEPY" dyes end cqaivalcnia (eg., 
drj^nornclljeneboron difWride dyes, see, e.g., U.S. Potent No. 5,274,1 13); 
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derirctrra of 1-fiajiiidolyIJmcthylcnB^isonKlole (sea, eg., VS. VaznlXo. 
5,433.895); end aH cqxavofcata. Set also C.S Patent Nra. 6,028,1 90; 5,188,934. 

The t an a "hybridizing cpcrificdly to" end. D Epechlc iybiidizaticn B 
and ^selectively hybridize to," as used herein refer to the hindina, duplexing, or 
6 hybridizing of a nuclei c cold molecule preferential ly to a porticuhr rsrelentiifc 
ccqtciLca coder ctriascn condMcaa. The era "ctrinjer-t conditions" refers to 
conditions -under which a procs. wij) hybridize piererainally to its targe; cub sequences 
and to a teaser extent to, or cot d all to, ctber ecqccnces. A "stringent irybxidizction" 
and**EtrioEcni hybridizmoa wash ucrxdiiioru" in tl» context of nucleic acid 

to hybridization (eg,, as La may, Southern ax Northern uybcdizaiinns) are Eenucnce 
depend ail, and axe different uadzr different environmratal parameters. Stringent 
hyteidiznlion conditions thai can bo used to kiendfy mirJp'c w rd g wrubrin the scope of 
the invention can include, e-g., hybridization in a hnffcr cojipriains 50% fcrmimidc, 
5x SSC, and 1 •/» SDS at 42° C, or hybrid tzerioo. In a burner comprising Sx SSC and 1% 

IS SDS at 6S°C, both with a wash of 02x SSC and 0. 1% SDS cl 6TC. Exemplary 

stringent hybridization conditions can also inclode ahybriduatoaia a b offer of 40% 
fbrmmtdr, 1 M^aCI, and 1% SDS at 37*C, and a wash in JX SSC at 45 e C. 
Alternatively, hybridization to filter-boand DNA in 0.5 M NaHPO«, 1% sodium 
docccyl sulfate <SDS). I mM EDTA at 65 *C. and washing in 0AX SSC/0.1% SDS 

20 ar 68 °C can used to identiiy arsd isolate nucleic acids, within tlii scope of the 
invention. Those nf ordinary skill will readily recognize that alternative bo I 
compcrable hybridization and wash conditions can be utilized to provide conditions of 
similar smngency. However, tic selection of a hybridization format is not critical, as 
is known in the art, it is the Sffingcccy of the wash condidons that set forth toe 

23 conditions which determine whether a nucleic auid is v-ilhia ths scope of tbe 

invention. Wash conditions used to idecb" fy nucleic acids witbiD tbc scope of the 
invention include, e.g.: a salt concentration of about 0.02 molar at nH 7 and a 
temperature of at least about 50*C cr about 55*C to about 60*0; ox, a salt 
concentration of about 0.15 M NaCi at 72°C for about 15 ralsntas; or, a sail 

ao concentration, of about 0.2X SSC at a temperature of at Least about 50°C ox about 

55 °C to about 6XPC tor about 15 to about 20 minutes; cr, the hybridizalioa complex is 
washed twice with a solution with a salt concentration of about 2X SSC cwrtaining 
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0.1% SDS at town tcnrpcxturc for 15 nnmrxs and then washed twice by 0.1 X SSC 
ccalainins 0.1% SDS at 6S?C for 13 mkuleo; or, eqmvoleai cccdhia-o. Srrmgext 
comliooas far washir-3 ^ also be, e.S-, 0.2 X SSC/0.1& SDS a! 42°C. la 
instances wherein the nucleic acid molecules are dcoxyoliawiruJ eoudes ("ou^os 0 ), 
6 stringem conditions can include washing io 6X SSC/0.05% sodium pj-rophtophaas at 
37 C C (fci 34-base olisas). 4S e C (for 17-basa oli£03), 55 C C (Tor 20- base oh£os), 
end $0"C (for 23-btse ohpos). See Sambrook, Ausobcl, or Tijsscn (a led below) for 
detailed descriptions of equilvaLeni hyfcticHzatiDn and wash condinens and for 
reagents and buffers, e.g., SSC buffers end equivalent re agon is and conditions. 

V> The term "labeled with a detectable oomposrtion 0 or "labeled with a 

detectable moiety- as used herein refers to o nucleic acid attached to a detectable 
composition. Lc, a label, cs described m detail, below. This includes incorpcianon of 
labeled basca (or, bases which can bind to a detectable label) into the nucleic ecjd by, 
e.g., nick translation, ntadora pamw extension, amplification with degenerate primers, 

« end tits like. The label can bo detectable by any means, cg. f visual, spectroscopic, 
photochemical, bjcxbemicel, immunochemical, physical or chemical means. 

The tami "a molecular profile of genomic DNA" means detection of 
regions of arnplrBcarion, delchnna and/ or unique sequences in a test sample of nucleic 
acid representing a genomic DNA. as compared to a control (eg., "nonnaD sample of 

a DNA. 

The term "nuclsic acid 1 ' as used herein refers to a deoxyribcuiucleotjde or 
nboaucleotide in either angle- oi double-stranded form. '1 he term encompasses nucleic 
acids containing known analogues of natural nucleotides. The tean also encompasses 
nucleio-acid-like structures who synthetic backbones. DNA backbone, analogues 

a provided by the invention include phc^bodicster, phosphor othioatc, 

phosphorodhhioaic, melhyliihospJKmotc, phosphorsinid&it, alkyl pbosphotr'tcstej, 
sulfamate, 3-thioccelai, methyl en^mcmylimino), 3'-N-carbam3t£, morpholino 
carbamate, andpeptido nucleic acids fPNAs); see OlJgoirucleotices and Analogues, a 
Practical Approach, edited by F. Eckstein, 1RL Press at Oxford University Pros (1991); 

30 Antisense Strategies, Annals of fhz New York Academy of Sciences, Volume 600, Eds 
Basexga and Denhardt (NYAS 1992); MHligau (1993) J. Med. Ctem. 36: 1923-1937; 
Antisense Research and Applications (1993, CRC Press). FN As contain non-ionic 
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backnaxes, such as N-(2-amfooclhyi) glyoicrj tmits. Paaspbaroicicatt SaiBges ere 
described, e.g^ by U.S. Patent Kos. 6,03 1,092; 6,001 ,932; 5,654,148; see also, WO 
97/0321 J; WO 96/391 S4; Msta (1997) Toxicol AppJ. Phanaocol. 1<K:1 S9-1 97. Oto 
synlhetis bsdcboDes encompassed by the torn mcluds methyl- piospbonntc ImkEgca or 
c ElistEijj "2 mztylphxztoznxs ezd pfcoq&cdiecter Linkcgoa (sec. eg.. U.S. l v dnxi Ko. 
5,962,674; Strauss-Souiup (1 997} Biochemistry 36:8692-5698). and 
benxytphosphcoare tiolragcs (sec, e.g., U S. Patent No. 5,532^26; Samstsa Q995) 
Aniisenxa Nucleic Acid Drug Dev 6:153-156). T^ tenn aucldc odd is used 
interchangeably with gese. UNA, RNA, cDNA. mRNA, olir^mideottde primer, probe 

io acd ampurfienhon product 

Vhj tarns "oimy- or "mlcroaiay" or "DMA array" or "nucleic acid 
arcay" or "mochip** as used herein is a plurality of targe! elements, re-? ,h taigd element 
comprising a defined emouBt of one oc more trucldo acid moleculea, oi probes (defined 
below), immobilized a solid surfcoe for hybridization to sample nucleic ad da, as 

15 described in detail, below. The term B prcbe(s)" or "nucleic acid pcobe(s)" as used 
herein, is defined tn be a collection of one or more nucleic acid fragments (eg., 
immobilized nucleic acid, e.g., a nucleic acid array) whose hybridization to a sample of 
tcrgct nucleic acid (defined below) can be detected. 

The tarm "sample of nucleic acid targets" or '"saropjo pf nucleic acid" 

20 as used herein refers to a sample comprising DNA oc RNA, or nucleic acid 

Trpre.cniLri.ve nf UNA or RNA isolated from a natural source, in a form suitable for 
hybridizutioD (eg., as n sol able aqueous solution) to another nucleic acid or 
polypeptide oc coxnbination thereof (e.g., immobilized probes). The nucleic acid may 
be isolated, cioued or amplified; it may be, e.g., genomic DNA, mRNA, or cDNA 

25 man substantially tm entire genome, substantially all or pari of a particular 

chmmosome, ot selected sequences (eg. parti cnJarprarncters, ganes, ampb'ncaiion or 
restriction. Segments, cDNA, etc). The nudeic acid sample may be extracted from 
particular cells or tissues. The ceil or tissue sample from which the audeio acid 
scsrplc is prepared is typically taken from a patient suspected of having a genetic 

30 defect cr a geDetically-liaked pathology or condition, e.g., a cancer, associated with 
genomic nucleic acid base substitutions, amplifications, deletions trod/or 
trans Locations. Methods of isolating cell and tissue samples ere vt'cll known to those 
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ofElaUintfc&trtasdinchHfe* but am rat limited to, cspdmtiinia, iiszzz eisnicro, needle 
biopsies, and &s HkSw Frequently flte sampla will bo a "cli val ample ' which is a 
sample derived from a patient, incrading sections of tissues such C3 frozen, sections or 
paraffin g^ctiom xoicn foi histological purposes. The sanrple enn s'so be derived 
s from supc nrrlpntB (of cells) cr the cell 3 themselves from cell cultures, cells from 
tisscc eulterc end oiazr media in which it may be desirable tn detect chromosomal 
ch uarraiiti cs or drtriuiirte empiican copy mi m fi ff y In saxae, eases, the rrucJeic arnis 
may be amplified using Etandard trrJurjjues such as PCR, prior (o the hybridizr.fi m 
In alternative embodiments, the target nucleic acid may be nnl»bei«l, cr labeled (as, 

10 04^, described herein) so lhctits binding to the probe (eg,, oligtmuclectide, cr clone, 
immobilized on an array) can be detected Toe probe an be produced from and 
- collect) vecy can be rcpref ratal ive of a source of nucleic acids Iran one or mere 
pamculcr (pre-selected) portions of. eg., a collection of polymerase chain reaction 
(PGR) arnplificalion products, substantially an entire chromosome or a chromosome 

*.S fregmont, or substantially en entire genome, eg., as a collection of clones, eg., BACa, 
PACs, YACs, and the like (see below). The probe or genomic nucleic acid sample 
mcy be processed in some manner, eg, by blocking or removal or repetitive nucleic 
acids or by cririchnisrrt with selected nucleic acids. 

Generating and Manipulating Nucleic Acids 

20 The invention provides compositions, including nucleic oeid arrays, 

and method; forpsinmrring nucleic acid hybrid! zziicm reactions. As described 
herein, the labeled target nucleic ccid rbr analysis and the rrnmobihzed nucleic acid cm 
the array can cc representative of genomic DNA, irchiding defined porta of, or entire. 
cbromoECuacs. or entire genomes, [n ecvcral embedimena, the arrays and methods of 

25 the invention are used in comparative genomic rryrmdrzafion (CQH) reactions, 

including CGH reactions on arrays (see, e.g. US. Patent Nos- 5.830,645; 5^?6,?90). 
These reactions compare the genetic compositian of test versus controls samples; c g.„ 
v;ixrxhex a test sample of ectkotuc DN A (eg, from, a cell suspected of having a 
generic defect) has amplified cr deleted or mutated segments, as compared to a 

30 "negative" control, e.g., "normal* wild type genotype, or "positive" central, e.g., 

known cancer cell or cell with a kaovoi defect, e.c, a transktcauon or ximpuncction or 
the like. 
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in other embodiments, the tes! sample cnmpnszs fragmens of nucirjc 
exid representative of deHced pans of a <£morr.O£Girie or genome, ur ibe entire 
"geacme The test sample can be labeled, eg., with a detcctcblo moiety, c.^ a 
Buoresoeat dye. Tym" sally, ths rest sample tiucleie ecid is labeled with a fbor and the 
6 control (eg,, "normal") sample is labeled wilh a second dye (e.g„ Cy3™ srd Cy5™). 
Tetl a^d ctrrircl s sm plca sis bsrih applied to U12 iocmobiKaed probes (e.g, en the 
array) and, after bybrinmuicn end -wcsTting. the Incnricci (eg., spots cm the cmxy) and 
amount of each dye arc read. The immobilized nucleic acid can be representative of 
any part of or all of a chromosome or genome. Zf immobQizad to an array, th is 
1 0 rniclcio acid can bo in the form of cloned PNA, eg., YACs, B ACa . P ACs 3 end the 
Tike. SB described herein. As is typical of array technology, each "spot" en the array 
has a known sequence, eg, a known segment of genome or other sequence. The 
invention can be practiced in conjunction with any method or protocol or device 
known in the art, which ere well described in the scientific and patent literature 
15 General Techniques 

The inuclex. acids used to practice this iaventioc, whether .RNA 
cDNA, genomic DN A vectors, viruses or hybrids thereof, nary be isolated from r. 
variety of sources, genetically engineered, amplified, and/or expressed/ generated 
recojnouiamly. Any irccmbimm expression system can he oaed. including, in 
• 20 addition to bectnrial cells, e.g., mammalian, yeust, insect or plant ctdJ expression 
systems. 

Altnmaiiveiy. these nucleic uciria can be ayrribesized m -vitro by well- 
known chemical sy-nihasis techniques, as described in. eg., Cams there (1952) CoW 
Spring Harbor Symp. Quant. Biol. 47:411-418; Adarua (1983) J. Am. Cbem. Sue 

2£ 105:661; Belousov (1997) Nucleic Acids Res. 25:3440-3444; Ficnkcl (1995)Pjeo 

Radic Biol. J/cd. 19:373^380; Blommcra (1994) Biochemistry 3 3:7886-7 896 ;Narang 
( 1 979) Math. Enzymol. 6850; Brown. (1979) Meth. Enzymol 68: 1 09; Bcaecage 
(198 1) Tetre Lett. 22: 1859; U.S. Patent No. 4,458,066. Double stranded DNA 
fragrocnis may theo he obtained cither by cjTilhesizang the eo.iiplcmcntary sa-and and 

30 annealing the stranda together under appxripriate «mditkms> off by admngthc 
coinplemeniaTy strand using UNA polymerase with a primer sequence 
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Technique for the masinnlalirm of nucleic acda, s^cb as, cxg., 
rabclotnng, boelins probes (eg., rcndoai-primcf Isheling using Klecnw pciyrccrase, 
mcktn m da t t o a, empUficUion), sequencing, hybridizsnon and Lha like arc vb3 
described in th- sciendfrc er.d patent literature, sec, eg, Ssmbroot, cd_, Molecular 
6 Cloning: a Laboratory Manual (2nd ED.)* Vob. 1 -3 , Cold Spring Hcrbcr 

Lcboicicry, (1989); CXrrektP^tocols w Molecular Biology, Aurnbel, ed. 
John Wiley & Sana, Inc., New York (1997); LABORATORY TECHNIQUES IN 
BrDCKEMISTRY AND MOLECULAR BtDLOOY: HYBRIDIZATION WlIH NUCLEI ACSD 

Pbooes, Part I. Theory and Nucleic And Prcpsnribn, Tyssen, ed. Eisevier, N.Y. 
ia (1993). 

Another useful means of obtaining and mampufcaing nucleic acids 
used in the carnpesitions and methods of the invention is to clans from genomic 
samples, and, if necessary, screen and re-close inserts isolated (or amplified) novo, 
eg., genomic clones or cDNA clones or other sources of complete genomic DNA. 

16 Thus, forms of genomic nucJeic ccid used in the methods end compositions of the 
inversion (including arreys and test samples) include genomic or cDNA libraries 
censeijseri in, oz compared enuVcjy cf, eg., r r? »gf T TW'*T0 oxtificini chromosomes {sec. 
eg., Ascenzioni (1977) Cancer Lett. 1 1 8:1 35- 1 42; U.S. Patent Nos. 5,721,1 18; 
6,025,1 55) (including human artificial chromosomes, see, eg., War burton (1 997) 

20 Ntture 386:553-555; Roush (1997) Science 276 38-39; Rosenfeld (1997) NaL Genet 
1 5:333-335); yeast artificial diromojomcs (YACX bacterial artificial chroroosomiis 
(BAC); PI artificial chromosomes (see, e,g., Wooa (1998) Genomics 50:306-316: 
Boren (1996) Genome Res. 6:tI23-U30); PACs (a bacteriophage Pl-dcrivcd vector, 
see, eg., loannou (1994) Mature Genet 6:84^89; Rctd (1997) Genomics 43366-375; 

25 Nt7tfavnins<1997) Genomics 41 370-378; Kern (1997) Bwtecbjuquea 23:120-124); 
cosmids, plasmids orcDKAs. BACs are vectors thai can contain 120 Kb or greater 
inserts. BACs ore based on die E. coU F £bclor plasmid system and simple to 
manipulate and purify in microgram quantities. Because BAC plasmids are Jccpt at 
one to two copies per cell, the penblcrns of nsarrcngement observed with YACs, 

so which can also be employed in the present methods, ate efirjunated; see. eg., 

AKokawa ([ 997) Gene 69-79; Cau (1999) Genome Res. 9:763-774. BAC vectors can 
include marker genes, such as, eg,, hxciferase and greeu fluorescent protein genes 
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(kc, eg, Baker (1997) Nucleic Acids Res 25:1950-1956). YACS cm abo be usad 
arJ coicaiij insects ranging in rise ficom £0 to 703 Jdb, see, e.g.. Tucker (1997) Gene 
159:25-30; Adam (1997) Plant U 1: 1349-1 35S; Zeschaigk (1999) Kucleic Actdi Res. 
27:21 . PI is a bacteriophage ibr.t i n fe cts E. coll that can coatoin 73- 100 Kb DNA 
6 inserts (sec, eg., Mcjia (1997) Genome Res 7: 1 79-186; toannou (1 994) Net Gcrct 
6:54 -C9), and are sere toed in crach the seme pray es lambda lib&iies. See oio 
Achwanh (1 995) Analytical B Lochia:. 224:564-571 ; Gingrich (1996) Genomics 
32:65-74. Sequences, inserts, clones, vectors and the like con bt isolated tfcna Batumi 
sources; obtained from such scurces od ATCC or GeaBank lihrencs or oommeiciaT 

1 o sources, or prepared by synthetic or recombinant me thods. 
Ampliftamon of Nucleic Acids 

Amplification using oligonucleotide primers can bo used to generate 
nnclcic acids used in the compositions and jrctbrvis of di= invention, to detect cj 
measure levels of test ox control samples hybridized to an array, and the like. 

15 Amplification typiccJly with degencrata pnmcra, is also useful for incornoiatmg 
detectable probes (e.g., CyS" 1 **- or Cy3 T ^cymsinc conjugates) into nucleic acids 
representative of test or control genomic DHA to be used to hybridize to immobilized 
G«KMnic DNA. The skilled artisan can select and design suitable o JEmmcieoride 
amplification primers. Ainplifi cation methods are also wefl known m the art, and 

20 mcludc, c.r. , polymerase chain reaction, PGR (P CR PROTOCOLS, A GUIDE TO 
MET HODS AND APPLICATIONS, cd. Inms. Academic Press. N.Y. (1990) and 
PCR STRATEGIES (1995), ed. Innis, Academic Press, Inc., N.Y., ligase chain 
reocdon (LCR) (see, e.g : W u (1989) Ceramics 4:560; Uadegrcn (1988) Science 
241; 1 077; Batringer (1 990) Gene 89: 1 17); transcription amphficatiou (see, eg, 

25 Kwoh(1989) PiocNatL Acad. Sci. USA 86:1 173); and, self-sustained seaiience 
replication's, e,g., Guatelli (1990) PrucNntl. Acad. Sci. USA 87:1874); Q Beta 
replicase amplification (see, e.g.. Smith (1997) J. Clin. Microbiol 35:1477-1491), 
aunnnatcdQ-bota replicas© amplification essay (see, c.c_, Burg (1 996) Mol. Cell. 
Probes 1 0:257-271) end other RMft. polymerase mediated techniques (e.$, NASBA 

30 Caugene, Mississeugfl, Ontario); seealso Berger (1987) Methods EnzymoL 132 307- 
316: Sambtonk; Ausubei; U.S. Paten Nos. 4,683,195 and 4,683,202; Sooknanan 
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(1995) Biotechnology 13:563-554. Sec, cg^ U.S. Parent No. 6^53^71, ccscsibing 
use of porytmldrvr.u tha d cxid dcri>unvca (FN As) In amplificnticn jaimm. 
Hybridizing MxtcUtc Adds 

In practicing the methods of (be invention and usiag the compositions 
s of Lbo invmiicn, test cud control ssscphs of trcdcLc ccid ere hybridized to 

utuRObi^ed probe rwfllcjs. adi, eg., on arrays- In ona emboduncnt, the hybridization 
end/or wash condhions arc canted oat under moderate to aringent ccnditicis. An 
extensive guide to the hybridization of nucleic cords is found in, eg., Sambxook 
Aicubel, Tijsacn. Generally, hlgldy stringent hybridization end wash, conditions ore 

10 selected to be obou: 5°C lower than the thermrJ melons point f r«*> for the specific 
sequence at a defined ionic strength and pH. The T„ is the tempemtnre (under 
defined tonic strength end pH) a which 50% of the target sequence hybridizes U> a 
perfectly mulched probe. Very stringent conditions are selected to be equal to the T n 
for a particular probe. An example of stringent hybridization conditions for 

t3 hyb/iiiiz^rimi of ccrnplcnientary nucteic ecids which have marc thin 1 00 

convlcrocmary residues on an array or a Ghcr in a Southern or northern blot is 42°C 
using Eteitdcrd hybridization solutions (££=, eg., Stmhrook), ivith the hybndijmion 
being: carried out ovtxmghl. An cxanrpk of highly stringent wash conditions is 0. 15 
MNaCl at 72°Cfor about 15 minutes. An example of stringent wash conditions is a 

50 0.2k SSC wash at 6S*C for 15 minutes (see, e.g., Strmbrodk). Oficn, a high snjugtncy 
wash is preceded fay a medium or low stringency wash to remove baciyrroand probe 
signal. An example medium stringency wash for a duplex of, eg., more than 1 00 
nucleotides, is ix SSC at 45"C for 15 mir.mra An example of a low stringency wash 
for a duplex of eg., more than 100 micleotides, is 4x to ox SSC al 40°C for 15 

26 minutes. 

Detectobiy Labeled Nucicic Adds 

In some embodiments, the methods and compositions of ore imxntion 
use nucleic acids representative nf genomic DNA that have been conjugated to a 
d et ectable moiety, or into a nucleoside base conjugated to a detectable moiety (eg., 
30 Cy3™ or Cy5™) has been incorporated (or, alternatively, a moiety thai itself can bind 
to n detectable composition). The test samples can comprise labeled fragments of 
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nucleic acid represairaB" ve of part of ci all of a chromosome, cr an entire genome. Id 
ona embodiment, the test cainplo nadex acid is conjegaed with 022 Litil and (he 
centred sample is conjugated with a second label, wherein, each label is dififcrcrrdsU v 
detectable (eg., emits a difference signal). Test and central samples ore both applied 
s to the immobilized probes (eg, cm fee Enay) and, after, hybridization end wh^Hijs, 
tha. locatffln (e.g, spots en tha arrcy) and amount of each label ore raid 
rdmnltarieoualy cr sequentially. 

Useful labels inelude 32 ?, 3$ S, *H. U C, Ul l, flunresetnl dyes (e^, 
Cy5™, Cy3™, FETC, rhodornlne, icnthanlde phtvrobora, Texas red), clcctnm-dcnsc 

to reagents (e.g. gold), enzymes, e»g.. as commoriy used in en PJ.TSA (eg., hrrrcemdish 
peroadaase, befla-galacroeidasc, lucifcrcse, opaline pbospbctaseX wlorimeirio Labels 
(eg. colloidal gold), magnetic libels (e.g. Dynabeads™ % brotin, dioxigenin, cr 
haptens ami pro tens for which uniiseni cr monoclonal antibodies toe available The 
lubel cen be directly incorporated into the nucleic acid or oilier target compound to be 

15 delected, or it can be attached to a probe or antibody which, hybridizes or binds to the 
target. A peptide can be made detectable by incorporating (eg., into a ouclcosidc 
base) predetermined polypeptide epitopes recogniTaed by 0 secondary reporter (e-g-, 
leucine zipper pair sequences, binding sites far secondary antibodies, transcriptional 
activator polypeptide, metal bind Eng. domains, epitope tags). Label can be attached by 

20 spacer arms of various lengths to red nee pudendal steric hindrance or impact on other 
useful 01 desired properties. See, eg., Mansfield (1995) Mol Cell Probes 9:145-tSrL 
Jo array-based CQH, typically floors ore paired together (one labeling control oxxl 
Another the test nuelcit ockJ), eg, rhodemic© and fluorescein (see, e.g., DeRisi (1996) 
Nature Genetics J 4:43 8 -460 X or Hsaamine-conjugated nnaieic acid analogs and 

25 fiuwce«cein-conjugated nucleotide analogs (see* e.g., Shalon (1996) supra); 01 

Specbum Red™ and Spectrum Green™ (Vysis, Downcra Grove, IL) or Cy3™ and 
Cy5TM(i*ebeiow). 

Cyanine and related dyes, such cs oaerocYcnine, styryi isnd oxonol 
dyes, are panicniarly GtroucJy li^-sbsocbirs 2nd highly hmunrceer.t, see, eg., U.S. 

30 Potent Nos. 4,33 7,063 j 4,404,289; 6,048,982. in one embodirncnt, Cy* 1 * and Cy5™ 
are used together; bo:h are fluorescent cyanine dyes produced by Amershnrn Life 
Sciences (Arlington Heights, IL). They can be incorporated into "tar get* nucleic acid 
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by transcription (eg., by rmuioo^prtrrxr labebur* using Klenow polymer^ss, or "nick 
TTZJislciion,'" or, tanpliileaioiu or equivalent) of samples of gctrcnic DNA, vzitcrein 
ihe reaction 'rs scT p cialc s CyT 15 *- cr CyS^CCTP ecug egases mixed vara unlabeled 
dCTP. According to mrmifnrtcrer' s iosnructinns, if generating labeled target by PCR, 
s a mixture of 33% modified lo 66% unmodified dCTP gives maximal inccrporfiTicn of 
fckal; vrben inodificJ dCTP gaa up 5Gro cr greater, Its PCR.Teaciico wc3 khibitad- 
CyS™ is Typically excited by the 633 tnn lire of HcNe laser, and emission is collected 
at 680 ran. Sec also, cg^ Bartosicwicz (20 00) Archives of Bicchem. Biophysics 
376-66-73; Scbena (1996) Proc Natl Acad. Sci USA 93: IC6 14-1061 9; Pinkel (1998 j 

10 Nature Genetics 20:207-21 i; Pollack (1999) Nature Genetics 23:41-46. 

Methods for kbebntt nucleic acids with fluorescent dyes and for the 
simultaneous detection ot" multiple fjicrophttTca ere koowii in the art, see, e g., US- 
Patent Nos. 3J39,S1 7; 6,049,330; 6,054,279; 6,055,325. For example & spectrograph 
can image un emission spectrum onto b mo-onnsrisional array of light detectors; a 

15 full spectrally resolved imago of tho array is thus obtained. Pbotopbysios of lhe 
lluof ophore, e.g., fluorescent quantum yield and phorodestructioa yield, and the 
ccm-iliviry of the dclcacr crc reed tim=. puraaiciers fur hq oiigonudeotide trray. Witli 
sufficient laser power and use of CyS 1 * 1 and/or CyJ TO , which hove lower 
photodestruction yields so array con be read in less than 5 seconds. 

20 When using two fiucure together (e.g., as i o a CGH), such es CyJ™ and 

CyS***, it is ecoessary to create a composite Image of both Jruors. To acquire the rwo 
■images, the army coo be scanned other simultaneously or sequentially. Cinrge- 
coupled devices, or CCDs, are commonly used in microarray scanning systems. 

Data analysis can include the steps of determining, eg, fluorescein 

25 intensity as o function, of substrate position, removing "outliers" (data deviating from 
& predeiermmed statisfical dislributMnX cr calculating the rclstive binding affinity of 
(he targets from the remaining data. The resulting data cm bs displayed as an image 
with color in each region varying according to the right emission or binding affinity 
b«wx*ri mrr/eis and probes. See, e.g.. U.S. Patent Nos. 5324,633; 5,863,504; 

30 6,045,396. The invention can also incorporate a device for detecting a labeled marker 
on a sample looslcd on s support, see, eg., U.S. Potenl No. 5,573.822. 

Fragmentation and Dfcgcstkm of Labeled Genomic Nucleic Acid 
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The invention provides methods end c ompo sHiocs using '^b^V d 
genomic fiagnxass of lass than about 2CD hoses to 03 emil as about 25 to cbout 30 
bases. Typical CGH protocols 1122 ec^dcrcily larger lahded jruitaic acid*. In feet, 
some protocols recommend use of long fragments to mmrove intensity end uniformity 
5 of hyferidizEiion (See, eg,, KaUooJeml (1994) Genes, Ctoinnscmca & Cancer 
10231-243). 

As discussed above, oa the size of mrgct labored nucleic acids becomes 
less then 200 bases, the bux of imbytnidizcd "dangling ends' 1 decreases and die 
probability that the ca^-hjbridhzA cads will further hybridize to Rnrlhrr fragment of 

■w DNA, resulting rn "fiSsregaajg hybridiraiicn," also decreases. In 

hybridization, such as array- based CGH, this "ogfiregRtioa hybridization* 1 cot only 
makes lie hybridncairnn les3 qranStsbve bu: also czujvs high bixkgromid. 
Accordingly, the compositions and methods of the invention provide fr ag mented 
DNA probes to a size range of loss than about 200 bases, as low as about 30 bases. 

« Typically, the labeled nucleic acid used id the hybridization procedures 

is generated from genomic DNA by standard "random pruning,** "nick nansitfrion" or 
desenrrale PGR nciplificaboa (sat, «Lg., Sarr. brook, Ausnhel; Spetcher (1993) Hum. 
Mol. Genet. 2:1 y 07-1 9 1 4\ However, the resultant fragments average about 200 to 
400 bases, cr more (see, eg, Hosbmcn (2000) Cancer Res. 60:799-802, wlxcre total 

20 genomic DNA labeled witli biotin by nick transialion generated fragment sizes of 

between 4 DO and 2000 bases). The fragment length can bs modified by adjusting the 
redo of DNasc to DKA polymerase in the nick translation reaction; standard nick 
translation kits typically generate 300 to 600 bese pair fragments (See, e.g., 
lCoUomcmi (1994) supra). 

25 To further fragment the labeled nuclei 2 acid to segments below 200 

bases, down to as low as about 25 to 30 bases* random cazynumc digestion of (he 
DNA is carried out, using, e*C»> a DNA cndonucleases, eg., DNasc (see, eg., Hot era 
(1994) J. MoL Biol. 256:40S-4U; Suck (I99*> J. Mol. Recognita 7:65-70), or. Otc 
two-base restriction endotuiciease CviJT (see, e.g. t Fitzgerald (1992) Nucleic Acids 

30 Res. 20 H 753-3762) and standard protocols, see, e.g., Sambrook, Ausubel, with or 
without dUtct fragmentation procedures. 
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Other procedures can also be used to nugracM gennmio DNA, 6,3. 
mschuiEcal diearing, coxication (ee=. «,g. r Deirrinser (1933) Anal. Bichhrm. 129:216- 
223), and tTte like (sea. cq., Sambrook, Ausubel, Tijsszn). For txartpic, one 
mechanical technique is based on point-sink hydrodynamigs that rejuh. -when a OKA 
9 sample is farced through a Email bole by a syringe pump, see, eg., Thaxstessan 
(1S93) Geccox Rc& 0:543-355. See also. Oemer (1996) Nucleic Acids Res 
24 3S79-3885; Ordaal (1976) Nucleic Acida Res. 3:2985-2999. Pragmeni size can b& 
evaluated by a variety of techniques, including, e.g., saing electrophoresis, as by Sites 
(1597) J. Ctiromciogr. A. 771:3 19-329. that anxyzed DNA ftngmemsHOM odag a 

to dyrzmic Eizc-aevingpoJymEr solution in a rap 1 1 cry electrophoresis. Frcemmi eires 
can also be de'.ccmiocd by, eg., matrix -assisted laser desorption/ioiuzaliixa umc-of- 
fligbt trc33 spcciiometry, see, e.g, Chhi (2C0D) Nucleic Adda Res. 28:E3 1. 
Antioxidant and Free Radical Scavengers 

lbs invention provides methods and coccposttwns conqmstas 

t5 angoxica ct s and fiee radical scavengers, many of which arc known it\ the an. For 
example, in one erobodimoit, the antioxidant can comprise a Lccrcapto-co main ing 
compound, ox equivalent, such as a 2-mercapto-^lariujBC, o thiol N-acet/icyyidne, 
an ovmhiol, a 4^Daercaptoijnjdazole. A vTt^run-coataii'iiag com pound, such a.3 vj\ 
ascorbic acid (Vitamin C) or a tocopherol (Vucnnx. E) , or equivalent, can also be 

20 ussd. Tocopherols can ircLude variations and dcrivjaivc forms, c.g,, slpha-D- 

tocopaerol, olpha'DL-tocopherol, alpha.-D-tocopheTol acetate, alpha-OL-toco phcrol 
acetate, or al pha-D -to ccpherol acid succinate ^ce, e.g„ \JS- Patent Nos. 6,048,891 ; 
6,048,988; 6,056,897). In another embodiment, the antioxidant comprises a propyl 
galhrtc, bMcb as an n-propyl gaJlate, or equivalent Bcta-carotencs, 01 equivalent, or 

26 butylatcd hydroxytolucnc (BUT) or butylcted hydroxyarisole (BHA), or equivalent 
cao also boosed. 

Peptide cod peptide dcrrvotives have also been described to have 
antioxidant activity, jee, e.g., U.S. Parent No. 3,804.535, describing the antioxidant 
*"*Lco. of a hydroxyzine of bctoferrins. Z-ntercaptoLtnidazole cr4-mcrcapmhi5tidme 

30 derivatives have also been described to bovo antioxidant activity, szz± e.g., US. Patent 
No. 6,056,965 and U.S. Patent No. 4,898,878, respectively. Some cyclical 
bydroxyLaminss are useful for scavenging oxygen-centered free radicals, s=e, eg., 
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U.S. Pascal No. 5,981,548. Ascorbic odd 6-nalmltsse, dlkydrollpox odd cava alio 
been described as aotioxidanxs, see, e.g., U.S. Patent No. 5,637,315. See also UJS. 
Patent No. 5,162,366. 

Hybridization end wash solutions cscd in CGH acd arrays are known 
2 in dia art, sco, c.fj . Chesss (1939) Kciare Genetics Strep. 21 :15-1 9; t»3 alao, 

definitions dlaoisioa, above The oonoianraiion of antioxidant inthess soJutjcni 
depends on a variety of favors: eg., Che co reposition of the hyhridizslicn or wash 
bufier; the concentration of composlakm lo be "protected" frcm axidcticn (e^, 
CyS 1 **), the hybridization and wash, conditions (eg., length of time, heai, rutmidiry, 

iC etc.). This, in various embodiments, the amount of cntioxtdfcnt in a bybiidizstion, 
veash or other solution, can be, eg., at a concentration of ebort 25 tnM to abcut I M, 
about 50 raM to about 750 mM, about 50 mM to about 500 mM, and about 100 raM 
to about 500 mM. However, any appropriate conceniration cf antioxidant or free 
radical scavenger can be used to practice the invcatian. 

15 Additional effective sen' oxidants and free radicals can bs readily 

doexuuwcd, e.g., the development of a simple method for raped screening of 
acnoxidanrs tn "die prelbrraalation phase of chug development is described by, e^g., 
Ugwu (1999; PDA J. Phann. ScL TecknoL 53:252-259. Using sa easily ojddizabie 
drug, substance containing a tctrahydro is oquiiiolme nucleus, the relative antioxidant 

20 e Scaci es can be drtciro incd by snnulLrfQCOTis measurement of dissolved oxygen 

depletion and chug disappearance rates in presence and absence of antioxidants. See 
also, e.g^ Methods Ecaymol 1990;156:1-766; U.S. Patent No. 6,031.008. 
Arrays, or u B*oChips T ' 

The invention provides unproved variations of "arrays" or 

2a "inicroairays* or ''DMA arrays" or "nucleic acid arrays" Or "biocbips" (e.g., 

OcncChtpsO, Afrymeuix, Santa Clara, CA). The arrays of the invention comprise 
housings comprising compoaerxts for controlling humidity and tempo at w e during the 
hybridization and wash, reactions. 

Arrays arc gencricaliy a plurality of ta r get elements, each target 

so element caniprtitins a defined amouiu of one or more nuricic ticid molecules; or 

probes, immobilized a solid surface for hyhodi ration to sample nucl eic acids. The 
immobilized nucleic acids can contain sequences from specific messages (e.g., us 
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cDNA libraries) ct genes (e-g, gESjomic litiuicj), moluding, e.g., cubstaotially aD or 
a etihsedicn of a ehxomoscei» pi subsnuirinlJy ell of a gencanc including c human 
CauBue. OihcrtsrgEi elements can coctsinrtfcrczucc sequences tnJ the lite. Th= 
target elemect3of the arrays may be arranged cmho solid surthco. ct different sizes 
6 2zi differed cienritirs. Tba tcrgct cicru.ant dcnshie3 ulii depend upaa a narnber of 
fcctos, such cs tire nature of the label, the solid rapport, and the- like Each target 
element may comprise cubstaminlly iho cm nacleio odd sequences, cr, a mixture of 
ruielsic acids of different lengths end/or sequences. Thus, for cmr pis, aim gel 
element nay cornzln mcro than ons oopy of o cloned piece of DMA, end each copy 

to may be broken into fragments of different lexgths, cs described herein. Hie length 
and complexity of the rreelex acid fixed otrto the target clement is oot critical to the 
invention The -array can comprire nucleic acids immobilized cm a solid surface (eg., 
nttroccnulosc, glass, quartz, fused silica, plastics and the like). Sec, eg., U.S. Patent 
Kb. 6,063,333 describing mulu-wcll platfurms comprising cyciootctin polymera if 

15 fluorescence is to be measured. In some embodimenis. Che methods of the invention 
can be practiced on arrays of nucleic acids as described, for instance, in VS. Patent 
Nos. 6,045,996; 6.022,963; 5,0I3,44Q; 5,959,098; 5,856,174; 5,770.456; 5,556,752; 
5J43,*54; see also, eg., WO 99/51773: WO 99/09217; WO 97/46313; WO 
96/17958; eoc also, e.g., Johnston (199?) C«rr. Biol. B:R171-R174; Schumracr 

zo (1997) Bioterainiques 23 :10R7-1 092; Kern (1997) Biotecbtricruca 23: 120-124; Sohnas- 
Toldo (1 997) Genes, Chromosnrnes &. Cancer 20:399-407; Bowtefl (1 999) Nature 
Gisneacs Supp. 21 :25«32; Epstein (2000) Current Opinion in fliorech. 1 1 36-41. 

Control ef Humidity and Temperature LKiring Hybridization 

Tho invention provides methods and compositions where hybridization 
25 conditions comprise a controlled hybridization environment, particularly, an 

unsuiuieted humidity environment. 'Iho humadiry and temperature of the controlled 
cavinimnenf can be constant or periodically changed during the hybridization of step. 
The change can be step-wise, or can be gradual. In alternative embodlmeurs, the 
unsaturated humidity environment, is contrallcd to about 90% humidity, about 80% 
30 humidity, about 70% humidity, about 60% humidity, about 50% humidity, about 40% 
humidity, about 30% humid try, and about 20% humidity, [n alternative cmbodimtsts, 
lbs humidity and/or t em perat u re are periodically etnnged at about three hour 
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intervals, ax cbcut two hour iolervah, at cheat ar.o hour intervals, hi a hoa l 30 rr.ir.ulc 
mleTvafc, at about IS miituio intervals cr el obmn 5 ramus interval or n cmarenattoo 
thereof. 

The invention also provides on cuay of inunohjlbjixi probe nucleic 
ccids in a luimitJify- and/or t2ropezamrc<»:i!roIIsd housaij In on? esitstfersr.^ the 
housiug comprises a compunail to rccanne and control the amount of h umid ity 
oni/of the tempcroairc in tic housing during hybridization. For esampJe, tee devices 
of the inveafioa cen comprise any tempcrnaire detection or control component, which 
ere known La the art eg., thermal connol modules c/nnprising Pclricr hcettnmsfa 
devices foi the control of tempera tun; (these can be incorporated into the horsing), 
see, e.g., U-S. Pctenl No. 6,017,434, usict'soch devices in an elcctrophoretic medium; 
or the devices of the invention can comprise a scaled merucDstafccally ccirtroiied 
chamber in which fluids am easily be introduced (see, eg., U.S. Pctem No. 
5,^43,334); or they can comprise a system for the texnperaturc adjustment treatment of 
liquids (see, eg., U.S. Patent No. 5,919,622J; or a reaction chamber for conducting 
elevated temperature reactions in a fluid-tight manner (see, e.g., U.S. Parent No. 
5,882503* or a biological chip plale with a fluid handling device (ecc, e.g., U.S. 
Pa&ntNo. 5,874,2) 9); or a reaction vessel with a temperature control device manner 
(see, e.g. r US. Patent No. 5,460,780). The devices of the invention aiso can comprise 
any humidity or water vapor detection or control component, ot an odaptalioA or 
variation thereof many of such devices are known in the art, e.g., U-S. Parent Nos. 
4,436,674; 4,618,462; 4,921,642; 5,620 : 503; 5,806,762; and, 6,064.059, ocscribiwja 
device for detecting moisture cocriitinns on a glass surface. 

The component can include memory components to allow far pre- 
pmgremming of hybridization conditions, including humidity and tempemtnir and 
other environmental parameters. 

It is understood that the examples and embodiments described herein 
arc for illustrative purposes only and that various modifications or changes in ligbt 
thereof wiD be suggested to persons afciikd in the an sod are to be included within the 
spirit and purview of this application and scope of the append ad claims. 



-28- 



JP 2004-500867 A 2004. 1.1 5 



WO 01*46 jo priTissi/iiaju 
EXAMPLES 

The mttcwm? cxcmplo is offered to iUcstrutc, bat cot to lirmt the 
claimed invention. 

Eaamplol: Array-based Nucleic Add Hybridization 

5 Tbo following cxarrplc dzmvi&mss (hzt the methods cf the inversion 

provide an Improved and efficient means to practice anay-bz^ed CGH. 
■Making BAC mkroarnys. 

BAC dimes greater then fifty kilo basse (50 \&\ and up to obcut300 
kb, wore grown up in Terrific Broth medium (Larger inserts, eg., clones > 300 kb, or 
to smaller inserts, cbotrl 1 to 20 Idxc^n also bo used). UNA wu3 prepared by q modified 
olknline lysis protocol (see, cg ? Scinbroot). Ths DNA was chemically modified as 
described by U.S. Patent No. 6^44,693. The modified DNAwss then dissolved in 
proper buffer and printed directly on clean glass sucfeces as described by U.S. Patent 
No. 6,04B,695. Usually multiple spots were painted for each clone. Figure 2 is a 
is schem a tic drawing of an unbalanced humidity hybridization format used in these 
studies 

Probe labeling patl DKasc enzyme fragmentation: 

A stand £id random priming method was used to label eenoruic DMA, 
see, e.g.. Sambroot Oy3 TU ox Cy5™ labeled nucleotides were supplcmemed 

20 together with corresponding unlabeled nucleotides at a molar ratio rouging from 0.0 to 
about 6 (unlabeled nucleotide to labeled nucleotides). Labeling was carried out at 37 
*C tor 2 to tO hours. After labeling the reaction mix was healed up to 9S °C to 1 00 
°C for 3 to 5 minutes to Inactivate the polymerase and denature die newly generated, 
labeled "probe" nucleic acid from the template. 

23 The heated sample was then chilled on ice for5 minutes. ''Calibrated*' 

DNase (DNA endo nuclease) enzyme was added to fragment the Labeled template 
(geuerared by random pruning). Trace" amounts of DNase wra added (final 
concentration was 03. to 2 ag/to!; incubation time 1 5 to 30 minutci) to digest/' 
fregrorait the labeled nnclcic acid io segmenls of about 30 to cbcui 100 bescs in size, 

30 Blocking repetitive sequences using Cot ) DNA 

Cot I DNA was fragmented to sizes of between about 40 to 150 bases. 
2 to 20 pg of fragmented Cot I DNA, togsflier with about 10 to 30 ug of sheared 
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K^raon span cr tss:a DNA (size mnzz about 0. ] to 2kb) {earner DKA, also caa be 
ether unrclnied DNA). was ciscoN-aj m2Xm6X SSPE with G.2*S to 1 OSS, base 
hyfand VTTtVnn buSer<s= c^, Ssmhroak). Tbs ghx was applied to the array area, 
which was subsfiqueri^y covered with a coverstip. The amy was plated ina 
humidified chamber a) 60 °C for 2 to 16 torru 

Hybridization cftabelcd probe? to arrays. 

Two escmntc frecmanr., each. with 10,030 to 1,000,000 gencrae 
equivalence (derived fYum both human and mouss genomic DNA) . ware each labeled 
usbjj other Cy3™ cr Cyf™ fluorescent label, as described above. They were thee 
co-prccipimicd with about 2 to 20 pg of Cot 1 and about 1 0 to 30 ug of earned DNA 
or about 50 to 1C0 pg yeast tRNA. Ihembtturc wasdirsoJvedia 10 to 20 pi base 
hybridization buffer (see above). 

Antioxidants added to hybruZsation buffer 

The ennoxidant dithiothreirol (DTT) was added to a coucemration of 
10 to 503 roM to st^bUizu the fluorescent dyes. Other usable antioxidants include, 
eg., n-propyl gallnte, ascorbic acid (Vitamin C), Vitamin 5 (tocopherol), 2- 
rEcrcor^oeU;yt<iraiz.e or other DTercapto-ccxitaimn b compounds, as discussed above. 
Toe mix was applied to the array area, which was subsequently covered with a 
coveralip (see Figure 2) Hybridiza ti on was CEmed out in a humidified chamber with 
an parage frumidily of about 90 to 95% at 60 6 C ovenrighJ in at oven with 
appraxtmaiery +J- 3 °C of reniperarure fluctuation (temperature variation itself may 
cause fluctuations in the humidity in the closed cJarnber). 
Humidity conditions fluctuated 

Experiments also demonstrated that an unbalanced humidify 
environment significantly decreased the amount of rime needed to reach equilibrium 
between soluble lab tied nucleic acid and iumicbilized probe. A schematic of the 
device used in these eipejimcrrrs is prcscrucd itt Figure 2. Both "unsealed" covcrslrpa 
(to provide a "dynamic" humidity condition) and sealed covershps (to provide the 
central ICOS-i iniznidiry environment) were used. 

If the coverstip was sealed to prevent exchange of water vapor (i.e., a 
dynamic humidity environment) the rule of hybrid izntiau was agjrificanily worse (a 
significantly longer penod of iimo was ncrtlcd to reach equihbrium). Rare of 
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hybrdatzattcrc was fifiiemoced by mcasnrmg the amcant of CjT 1 " or CyS" 1 " - 
g caem i e d fhiortsccncc, Lix, ma amount cf tabbed nuclei© acid, hybridized to fos. 
ixnrcobilized probes em ch* cm;); fJccreccenee was mccsurcd uainu standard device*, 
as described above, 
s PosMiybridizaiSon washes: 

Thz cuuy was riased with bigU punty wzkrr several limes after the 
covoalip was rcmavccL The array wra then wished In a BoJrrrtoai contprising 0. 1 ta 2 
X SSC with 0.1 co 1% SDS and 5 to 1 0 mM DTT sntigxidam for 30 to 60 xninures . 
"The array was then rinsed exteasrvniy with btfb purity water at loomtempaature 
10 iKiy 

Linage icqnJsrtion and data processing: 

The Auorescem signals on microamiys are scanned into image files (a 
two color laser confbed scanner from CSl Luisonics (Oxnnrd. CA) Fox each army 
two images ere acq aired (for Cyl™ and CyS™ 4 ). The relative fluorescent level or 

15 fluorescent ratio, which: represents tec relative amount of tercet s.zq jcnce3 in tic 
probe mix. was analyzed by comparing the fluorescent intensity of corresponding 
iiaimdual spots after proper tanksround fubtrra^rrrt. Porc£cniiI information of denes 
on the arrays and the chromosomes was correlated. The ratios were plotted along 
individual chromosome for easy inspection. For each sample two experiments were 

20 performed: Cy5™-labolcd nucleic acid (derived from rumor ETNA) versu* Cy3- 
Inbelcd rxmlcic add (derived from "rinrrnar DMA) and CyS4abeJed nucleic acid 
(derived from tumor DNA) versus Cy 5™ -labeled nucleic acid (derived from wrrmal 
DNA). Thus when tie CyS 04 to Cy3™- ratios are plotted together along individual 
chromosome the two ratio curves looked reciprocal to each other. By per f o uuin g two 

25 reciprocal experiments any ratio artifact can be easily identified. 
RESULTS: 

In the above described studies, it wis found that fluorescent signals 
were sixmificanrty stronger when the antioxidant ditUiotrirehol (DTT) was added to 
the hybridization buffer as compared to hybridization reactions lacking on 
so antioxidant. Furthermore, die extent of^otection'' a&ainst oxidation (Le^ 
gtahilrmrfoc of the Gaarcseent dye Cy5 w ) increased as the cocccntrsiion of 
antioxidant increased (from 10 mM to 500 mM). Foe example, aficr 12 horns of 
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hybridization, with nit, of DTT, the Cy5™ signal remained constant After 48 bcuxs 
af hybridizmioa. the central (na intioxidcrr) sample showed a significant 
dsatiionmco cf the Cy5 TA signal, ix., enough of the Cyi""* had oxidized to a lxtd- 
thiorcacins state that no signal was detectable), hi contrast, the DTT-conlmiiiiig 
sample remained relatively constant, and, in sorcz samples, the level of Cy5™ 
thn x c scs BCa actually increased. 

in the above described studies, it wjl3 also found that on '"nxbilsnced" 
or "dynamically cr^ogiag" humidity vcA'or tsrapenaixe cov'ironaumts during 
hybridi zsiioTi significantly shortened die period of time needed to roach cqinhbrrum 
between solnhlc labeled nucleic acid end inmmbilizcd probe nuclcie tad 

If ths humidity in (he array hybridation chamber hrtd the same 
conccntrsucn of hybridization buffer throughout tte chamber, the hntnddtty remained 
relatively constant Throughout the chamber. More time was needed to reach 
equilibrium (between soluble nucleic acid and immobilized probe) under these 
cwutzat conditions than under "dynamic"' humidity conditions, i.e., an environment 
conducive to en unbalanced humidity erivavgrnent, e.g.. as the environment craned 
as ilhr-iirntftd in Figure 2. In this device, water was placed on one side of the array 
hybridization chamber and a 2X hybridization buffer was placed on the ether aide 
Purring water on one side and ZX buffer on rhe other side generated a bumidiry 
gradi e nt in the chamber. This resulted iu f.n exchange of humidity around the four 
edges of the covcrslip that unbalanced the humidity of the array hybridization 
chamber. The reaction chamber in Figure 2 was also incompletely (i-e., only 
"iocseh/*) sealed to allow exchange of humidity with the outside eiwironment. 

While the invention is not limited by any particular mechanism of 
action, the dyrutmic humidity <acd, similarly, dynamic temperature) conditio qj 
decrease die amount of self-association between the soluble, labeled nucleic acids; 
such aclf-associaucm decreases ihcir rate of hybridization to tan immobilized probes 
on the array. Less self-association of soluble nuclei;* ucad results in accehaaied rate of 
association witb immobilized probe, fhtxeby decreasing the tirao needed to nsch 
emalibriurrt 

Unbidanccd humidity or temperature may also increase the movement 
of soluble sample bo speed up the hybridization process. H the solution is relatively 
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ste±k» as is the case id an trncfcangragbinnidlty (or temperature.) environment the 
mess transfer process is limited ta a drfrusicn mechanism* which ia extremely alow. 
Under shmiar, sialic conditioEs o significant amount of soluble nucleic acid fragments 
associates with other soluble nucleic acids before they have a chance to associate and 
5 hybndizi to imccobUized array tErgzi silo. 

Hybridation efficiency (Lc M time to equilibrium) can al;o bs 
enhanced by n hybridization eavimnmcd that comprises changing bypcr-/hypc- 
tonicity, e»g., a solute gradient. Thus, in altematrve embodmols of the device, a 
solute gradient is created, and, b mother embodiment, can be maintained throughout 
10 the hybridization reaction. In one exemplary device, a low sak hybridization solution 
czn be pieced on one ode of the ernry hybridization c hembe r and a higher satx bnfier 
(eg., o ZX hybridization buffer) can be placed cn the other side to generate a solute 
grandest in tho ohamocr. 

Hybridization efficiency (La., rate to emnlibriucf) was also greatly 
15 enhanced when (he reaction chamber temperature was fluctuating]} 1 modified by, cg„ 
an oven, or other device capable of creating changing temperatures, as compared to 
the rate observed using a controlled, constant temperature environment <ihe enhimcins 
tempetuture change being marc fh*?r the approximately +/. three degrees variation 
typical of most laboratory ovens). 

20 

A number of embodiments of the invention have been described. 
"Nevertheless, it will be tsndexstood mat various modifications may be mode without 
departing from Car spirit and scope of the invention. Ajcccrddngly, other 
embodiments are within the scops of the following claims. 
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WHAT IS CLAIMED IS: 

1. A method for B^ac^ngomolcc^T^ilccrfsciusnitDKA 
by hyhrKfczctkm of a gerainic DNA target to ao immobilized nucleic acid probe, 
compiisiis the following steps: 

(a) providing o plxmJity of truclcic iidd probes cornprisag a 
5 piurcirty of immobilized nucleic scid segments; 

(b) providing a sample of target trucj>ic acid comprising fragments 
of gennmit nucleic ccid labeled with a detectable moiety, wherein each labeled 
fragment consists of a length smaller than about 200 basas; »ad 

(c) contacting the gccoimc nucleic acid of step (b) with ths 

10 immobilized probes of step (a) under conditions allowing bybridizruion of the target 
nucleic acid to the probe nuchnc acid. 

2. The niethod of claim 1. wherein c:ch labeled fragment consists 
of a length no- more than about 150 bases. 

15 

3 . The method of olaim 2, wherein each labeled fragment consists 
of a length no more than about 100 bases. 

4. The method of claim 3 , wherein each labeled fragment consists 
20 of a length no more Ihnn about SO bases. 

5. The method of claim 4, wherein each Labeled fragment consists 
of a length no more than about 30 bases. 



6. Too method of claim 3 , wherein each labeled fragment consists 
of a length between about 30 banes and about ISO bases. 



7. The method of claim 1, wherein the sample of target genomic 
nu=leic add is prepared using a procedure comprising random prnnmg, nick 
30 translation amplification, nr equivalent, of a sample of genomic nucleic acid to 
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generate Eesments of target genomic rmcieic and; fhllcr/ed by a slcp comprising 
• fragment tniioa cr enzymatic digccticn, cr balh. of the csgmerns as genrrzm a sam ple 
of target genomic nucleic acid consisting trf sizes smaller than about 200 bases. 

s S. The method of zizxm. 7. wiLsishi (he raaxtom prirniiig, nick 

uxnricritm, amplification, or equivalent, of tbe Gainplo of gencmic nucleic acid to 
gcaeretc segments of target genomic nucleic acid inccrperaU3 dctcetcbly labeled base 
pairs into the sejjrncnts. 

to 9. The method af claim 8, wherein the deS-KXaiih label 

Cyj™ or CyS™ or equivalent 

10. The method of claim 1 , wherein the sample of target genomic 
nucleic acid is prcpsred using a procedure comprising fragmentation of a genomic 
15 -UNA to st7£s smaller than about 2U0 bases by DNcso enzyme, or equivalent, 
digestion of tbe segmans. 



1 1 . The method of claim 1, wherein the sample of target genomic 
nucleic acid is prepared using a piece dare co mpri sing fragmentation of a genomic 
DMA to shoes smaller than about 200 bases by applying shearing forces sufficient to 
fragment genomic DKA followed by DNase enzyme, or equivalent, digestion of the 
sheared DNA. 



12. The outhod of claim 1, wherein the conditions allowing 
hybxidhmtion of the target nucleic add to the probe nucieto acid comprtEB stringent 
hyhridisation condmons. 

33. Th: methed of chrixn 12, wherein the stringent hybridization 
conditions cumprue a temperature of about 6Q"C to cbout 65*C. 



14. "Ihc method of claim 1 , wherein the target nucleic acid consists 
essentially of DNA derived from a human. 
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1 5 . The trxthod of cldm 1, wherein the sample of target genomic 
nucleic acid comprises scquencea rcpitsenrisg a defined part of ex uibstmtially on 



16- The xnettod. cfcJam 15, vt'brrcio (be sample of target genomic 
nucleic acid comprises sequences rcpresaruing substimUally on entire gennme. 



17. The method of claim 15 or 16, wherein feehronmsnmal or 
is derived from a human. 



1 8. A composition comprising a sample of target nucleic acid 
conipiising fragments of genomic nucleic acid labeled with at least one detectable 
moiety, wherein each labeled fragment haa a length smaller than about 200 bases and 

is the sample of labeled target genomic nucleic acid comprises sequences representing a 
defined pan of or substantially a complete chromosome, or substantially a complete 
genome. 

19. Tbe composition of claim 1 8. wbcrc'm the target nucleic acid 
20 consists essentially of human DMA. 

20 Tbe composition of clnun 1 8, wherein the chromosome or 
genome is mammalian DMA. 

26 21, The method of claim 20, wherein tbe DNA is human DNA. 

22. The ccmpc =it ion of da Ira 1 8, therein each labeled fragment 
consisrs of a length no more than about 1 00 bnses. 



23. The composition of claim 22, v/bercm each labeled frag moot 
consists of a length do more than about 50 base*. 
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24. The. composition of claim 23, wherein ™r>) labeled fagmetd 
crasists cf a knjjth no more than about SO bates. 

25. Th; composition of claim 22, wherein each labeled ferment 
consists of a ltn&h between about 30 be-es and about ICO bases. 

26. The cooiposttuxn of curia 18. wherein the detectable label 
comprises Cy3™ or Cy5™ or equivalent. 

27. A kit comprising o sample of target nucleic acid end printed 
mr.acr, wherein tic target nucleic ecid comprises fragments of genondc nucicac acid 
labeled with a detectable moiety, wherein each labeled fragment consists of a length 
smaller than about 200 bases and the cample of labeled target gcaotnis nucleic acid 
comprises sequences representing substantially an entire chromosome or genome; 
wherein the printed matter comp ri ses instructions on byroidbzing the sample of target 
nucleic acid to n nucleic ucid army. 

28. A method for bytridizmg a sample of labeled cuclctc add 
targets to a plurality of nucleic cad probes, co mpris ing the following steps: 

{a) providing e sample of nuclei© acid targets oomprisbug 
fluorescent- labeled nucleic acid fragments and a plurality of nucleic acid probes, 
wherein the fluorescent label u sensitive to oxidation; 

(b) contacring the nucleic acid target and nucleic acid probe cf step 
(a.) under conditions allowing hybridizaaoa of the sample with the probe, wherein the 
hybridization conditions comprise use of a hybridization rotation comprising at least 
one antioxidant, 

wherein the nroount of antioxinam in the so ration is sufficient to inhibit 
the oxidation of rue fluoxesccol label under (be hytriduanon conditions. 



29. The method of claim 2E„ wherein the fluorescent label 
comprises Cy5™ or equivalent 
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30. The method of claim 2S, wherein fhe fluorescent dye comprises 
a rhcrkmine, q fluorescein ci on aiyl-subsiituted 4 t 4-di£ucro-4-tor2-3a, 4c-diaxa-*- 
iiiibtco: dy= cr equivalents. 

31. The method of claim 23, vrheran ti»a f?ntiffxi ^m t L? rrarrat m 
the hybridization solution at a corjcemratiaa of about 25 roM to cbout 1050 tn_\t 

32. The method of cJdm 3 1 , wherein the auinxidara is poscrn in 
the bybridizatkai solaii ou at a caaoecarsuoo of cbcut 50 mM to about 500 mM. 

33. The method of claim 2S, \7hjcrein.trie arxdcjrLliat etnnplsas a 

34. The ruemod of ciaira 33, wherein the mercapto-coDtcinmg 
ccaipcrjad comprises a 2-ixtcrcaptDcthylaminc, a thiol N acetylcysteine, on o vcthioJ, a 



35. Tea ractliod o f claim 28 , wberem the antioxidant comprises so 
antioxidant vilamiD-contn i nirtg crmpotcd, 

36. The method of claim 35, wherein the antioxidant vitemin- 
cordoiniraj conroonnd comprise^ an astorbic acid (Vitaaiun C) or a tocopherol 
(Vitamin E> 



37. The method of claim 28, wherein lbs antioxidant comprises a 



propyl gal late. 



38. Tbe method of claim 28, wherein the antioxidant comprises a 



39. The method of" claim 28, wherein the antioxidant ujujprisea a 
butylnted hydro xyloJuenc (BKT) or a botyloted hydraxyanjsale (BHA). 
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40. A composition comprising a sample of CyS^-labebd encieic 
ccui or equivalent in o solution comprising at legs! cue mlio xidagj 

4 1 . The ujrnposiiion ef claim 4 0, therein, ths cniioxidcm is present 
in a hybridization colimcu £i a concentration of about 25 rnM id about 1000 mM. 

42. Tb» c©mposit:oii.ofclaim4l, wherein the aniiowdam is jnrasnt 
in a hybridization solution at a coccectracop of about SO mM to about 500 ciM. 

43. The composition of clurn 40, wherein toe mnoslc^rt 
corcpnssj a nxrcspto-comninmg compound. 

44. The composman of claim 4 3 , wherein tie ni£reaprj>conTnlning 
compound comprises a 2 -Merc aptocthy Icjnin b, a thiol N-accrylcysteuK, an ovolajol, a 
4wnetcapioimidaznle. 

45. The composition of claim 40, wherein the antioxidant 
comprises an antioxidant vttanun^onininmgcompnnnd. 

46. Ths composition of claim 45, wherein the antioxidant vitaanh- 
containing compound comprises ascorbic acid (Vitamin C) or a tocopherol (Vitamin 
E)- 

47. The method of claim 40, wherein the antioxidant comprisrj a 

propyl galiate. 

46. The method of claim 40, w) serein the amioxidant comprises a 



49- The method of elenn 40, wherein the rntioxkiinl comprises a 
butyls led hydroxytolucnc <BHT) or a bntylatcd hydroxynnisole (BHA). 
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50. A kit congxrisscg a Sinyrie of fhioresceai dyo-kbelEd nucleic 
ncid ar equivalent in a ^Iurina compassing at least one antioxidant ami pdkrxd matter, 
wherem the printed matter comprises instructions on using ths fluorescent dyol&bcted 
S aucldc acid in a hybridization reaction utih another nnsl=ie ccd 

JL The kit or* olmro 50 furUur comprucng a. hybridizmipn complex 
.wash sotutmn ccmpnsiag at least one amiooridanl. 

10 32. The kit of claim 50, wherein the fluorescent dye comprises a 

Cy5™ or equivalent. 

53. The kit of cisJin 50. wherein the Oucreswrni dye comprises a 
rbodaminc, a fluorescein ox ac aryl-substi tu^cd 4,4K;Lfluoic~4-boio-3a, 4a-dicza-s- 

15 indacica dye or equivalents. 

54. A method for hybridizing a sompLe of nucleic acid targets to a 
plurality of immobilized nucleic acid probes, comprising (he foil owing steps: 

(a) providing a sampio of nucleic acid targets and a plurality of 
20 rnunobiiized nucleic acid probes; 

(b) contacting the nucleic add target and nucleic acid probe of step 
(a) under con di nans allowing hybridization of the sampio with me probe, wherein the 
hybridizaiion conditions comprise a controlled hybridization environment comprising 
ha unsaturated humidity emSTonmenl. 

25 

55. The method of claim 54, wherein the unscturnrcd fruznidity 
environment is controlled at about 90% hnmidity, about 80% mimidity, About 70% 
humidity, about 60% humidity, about 50% humidity, abaci 40% hnroidiry, about 30% 
humidity, or about 20% humidity. 

30 

56. Trie method of claim 54, wh e r ein the humidity of the controlled 
environment is periodically changed during the hybridization of step (b). 
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57. The method of claim 56, whrrein tfcr humidity Is rariodicjuly 
changed ct cheat three hour intervale, ct about two hour intervals, at about one hour 
intervals, cl ebon: 30 mints micrvab, si about 15 rninuis intervals cr at about 5 
minute intervals, or o combination thereof. 

58. The method of claim 54. wherein the hybridization conditions 
comprise a controlled temperature environment- 

59. Thz method of claim 58. wherein the tcmperntmre of the 
controlled cnvircDment is periodically changed during (h-3 hybridization of step (b). 

60. Tha method of claim 59, v/hercin tho tempennuxc is 
periodically changed at about three hour intervals, et about two hour intervals, at 
about one hour intervals, at about 30 minute intervals, at about 15 minute intervals or 
at nbout 5 minute hxrervoht, or a combined on thereof. 

61 . A compos men comprising an array of immobilized nucleic 
acids in a housing, wherein the housing comprises a component to measure and 
cDnhol the huniidhy in ibe housing. 

62. The composition of claim 61, wherein the housiug further 
comprises a conrponcnt to measure and control the temperature in the teasing. 

63. The composition a f claim 62, wherein the bousing further 
comprises a component that allows programmable or preset control of the humidity 



64. An array of immobilized probe nucleic acids in a rmrnidity- 
connoUed housing, wherein the housing comprises a means to control the amount of 
humidity in the housing during hybridization of the probes to a target in an aqueous 
hybridization solution. 
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63, An crmy of ImmDbiliEcd probe nucleic £cid3 in a inmrdrty- 
controlled rousine, wherein tire ttwdixg compriBcs a huaudiikr ccmpaneat tad can 
control fhz emouoi of humidify in the housing during contact of the probes to an 
aqueous hybrkuzstioa solution. 



66. A kit cmcposing an may cf irnrnctil ized nucleic acids in a 
housing and primed matter, wherein the housing comprises a component to control 
the emount of humidity in ike housing, a component to control the te mpe rature in the 
homing, and a composed to preset or program central of the humidity end the 
temperature, and the printed matter comprises instructions for presetting or 
programming conditions ia £be ceasing to hybridize a target to the immobilized 
nucleic acids of the array under control] od rrybridlzmkm conditions that comprise* 
fluctuation of humidity and temperature during a nucleic zcid hybridization step. 
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This Ir.terrtaf.cnnl Searchirg Authority fcund rjltiple (groups of) 
invert ions In this international application, as follows: 

1. Clatrns: 1-27 

method for generating a molecular profile of genome O^A. 
cc-qissitlon end kit ccc^sMsing fragrsnts of gerocne nurleic 
acid cf a size srraller than 23G bases and labolec witn a 
detectable jnoiety. 



2. Clains: 28-53 

rathed for hyDridizing a saTple of nucleic acid targets 
loaeled with a fluorescent label sensitive to oxidation to 
IcrnblHzed probes comprising the use of a solution 
Lui pi ising ot least one antioxidant, composition and kit 
coTprising a sample of (CySTH) fluorescent dye-labeled 
nucleic acid in o solution ccrcprising ot least one 
anti -oxidant. 



2. Claims: 54-66 

nethed for hybridizing a satrple of nucleic acid targets to 
iimobiUzed probes in a controlled hybridization 
envirorr*nt, composition and kit cczor ising an array of 
immobilized nucleic acids in a housing, wtherein the nousing 
comprises (a) component (s) to tieasure/ control hunridity 
and/or temperature, and arrays of i nimbi 11 zed nucleic acids 
in a hurridity-ccntrolled nousing. 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 
''Ej^black borders 

□ image cut off at top, bottom or sides 

□ faded text or drawing 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

SPLINES OR MARKS ON ORIGINAL DOCUMENT 

^£ REFEREN CE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
^OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



